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httoT^nPslightly    the    harder.     In    thin  ^""l--^"™  wtery,  »s  shown  b 

•oonteT  the  ChaneT  Forest  stone  has  obtained  I?T       ' 

p»t  reimte  as  an  oilstone  for  whetting  tools  ^^'  '^'?'S'°    ^."^    N-free  srtrwt  Crads  abie  A.h 
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Eiver.  Arkansas.    The  name  '  novaculite'  ia  also  the  bark.     The  best  qualities  of  old  fustic  come 

wplied  to  the  Arkansas  and  Washita  stones,  from  Cuba  and  the  poorer  from  Jamaica  and 

loeir    material    consists    almost    entirely    of  Brazil,     It  is  at   the  present  time  used  very 

dulcedooic  silica  (99-6  p-c).  largely,  and,  together  with  logwood,  is  the  most 

In   preparing  oilstones  for  nse,   the  rough  important  of  the  natural  dyestufis. 

oea  are  cut  into  r^ular  shapes  on  the  lapi-  The  colouring   matters  of  old  fustic   were 

dair's  wheel,  fed  with  diamond  powder,  and  are  first  investigated  oy  Chevrenl  {Le^ns  do  chimie 

mbbed  smooth  with  sand  or  emery  on  an  iron  appliquAe  a  la  teinture,  II.  150),  who  described 

plate.       The  slab  of  stone  is   in   some  cases  two  sub^ttsnccs,  one  sparingly  soluble  in  water, 

cemented  to  a  wooden  base,  by  means  of  putty,  called   morin,   and   a   second   somewhat   more 

Borne  of  the  stones  are  used  not  only  for  aharpen-  readily  soluble.     Wagner  (J.  pr.  Chem.  [i-]  SI, 

Bg  tools,  but  for  finishing  tamed  and  planed  82)   termed   the   latter   morilaniiK    acid,   and 

■orfaees  of  metal  work.     Oilstone  powder  ia  also  considered  that  it  possessed  the  same  percentage 

tmployed    for   grinding   the    brass   fittings   of  composition  as  raorin-     HIaziwetiand  Pfaundler 

uathematicat  instruments  {v.  R.  Knight,  Trans.  (Annalen,  I2T.  351),  on  the  other  hand,  found 

60c  Arts,  GO,  233 ;  C.  HoltzapfiG),  Turning,  vol.  ,  that  tho  so-called  morilannic  acid  was  not  an 

I,  I08I J   »nd  G.  P.  Merrill,  The  Nnn-metollic  i  acid,   and   as   moreover   its   composition   and 

■"r»e»l»,  2od  edit.,  1910 ;   v.  also  Whetstones).  |  properties   were  quite  distinct  from   those   of 

F.  W.  R.        ,  morin,  they  gave  it  the  name  '  Maclurin.' 

OKRA,  also  caUcd  gumbo :    HibiKv  eteu-\        Morln    C,,U„0„2H,0.      To    isolate    this 

InlM  (Linn.)-  tn  annual   plant  bcnring  edible  I  colouring  matter  from  old  fustic  a  boiling  extract 

Tot,  IV, — T.  B 


OLD  FUSTIC. 


obtained    in    a    dmilar    way    from    quercetin 
pentamethyl  ether. 

Koetanecki,  Lampe  and  Tambor  (Ber.  1906, 
39,  625)  have  83mthesi8ed  morin  by  reactions 
similar  to  those  found  serviceable  in  the  artificial 
preparation  of  fisetin  and  quercetin  {we  Yoxtno 
rnsnc  and  Quebgitron  bark),  but  in  this  case 
the  formation  of  the  flavanone  did  not  pro- 
ceed smoothly  and  only  a  small  quantity  could 
be  prepared.  The  synthesis  is  illustrated  by  the 
following  formuln — 

OCH, 

'^— OH 


CH.O, 


OC 


CH 


CO-CH 


OCH, 


CH, 


2'-hydioxy-4':0':2:4-tetrainethoxychalkone. 

OCH, 

CH,0'^\-''^^CH— /    \0CH, 

/CH, 
CO/ 


\ 


^(Tc 


CH,0 


>CH, 

l:8:2':4'-tetramethozyflavanoiie. 

OCH, 

OCH, 


y 


chY^co 

a-i8oniti080-l:3:2':4'-tetranietbozyflavanone. 

OCH, 

CH,0|^  Y^^^O-/    \0CH, 


Morin  trimethyl  ether. 
OH 

(iOH 


Morin. 

Morin  dyes  mordanted  woollen  cloth  shades 

viiicli,  though  of  a  slightly  stronger  character, 

ciodely  resemble  those  given  by  kaempferol. 

Chromium  Aluminium    Tin  Iron 

Morin       .  Olive  yellow    Yellow     liCmon    Deep  olive 

yellow  brown 
Ktemp/erol   Brown  yellow      „        Bright    Beep  olive 

yellow    brown 

(Perkin    and    Wilkinson,    Chem.    Soc.    Trans. 
1902,  81,  590). 

Maelurin  Cj,H.oOe.  When  morin  is  pre- 
cipitated from  a  hot  aqueous  extract  of  old 
nitic  by  means  of  lead  acetate  the  solution 
contains  maelurin.  After  removal  of  lead  in 
the  usual  manner,  the  liquid  is  partially  evapo- 
med  and  extracted  with  ethyl  acetate,  which 
dissolves  the  colouring  matter.  The  crude 
product  is  crystallised  from  dilute  acetic  acid 
(Perkin  and  Cope).  A  crude  maelurin  is  also 
obtained  during  the  preparation  of  fustic  extract, 
fiutially  in  the  form  of  its  calcium  salt,  and 
this  product  is  treated  with  dilute  hydrochloric 
tcid  and  crystallised  from  water.  In  order  to 
decolourise  the  crystals,  acetic  acid  is  added  to 
»  hot  aqueous  solution  and  a  little  lead  acetate 
i&  luch  quantity  that  no  precipitate  is  formed. 


and  the  solution  is  treated  with  sulphuretted 
hydrogen.  The  clear  liquid  is  now  much  less 
strongly  coloured,  and  af  tet  repeating  the  opera- 
tion  two  or  three  times,  the  maelurin,  which 
crystallises  out  on  standing,  possesses  only  a 
pale  yellow  tint. 

When  quite  pure  maelurin  consists  of 
colourless  needles,  m.p.  200°  (Wagner,  J.  1850, 
529),  somewhat  soluble  in  boiling  water,  soluble 
in  alkalis  with  a  pale  yellow  colouration.  With 
aqueous  lead  acetate  it  gives  a  yellow  precipitate 
and  with  ferric  chloride  a  greenisli-black  coloura- 
tion. 

Hlasiwetz  and  Pfaundler  (J.  1864,  558) 
assigned  the  formula  Ci.HjoO,  to  maelurin, 
and  found  that  by  bouing  with  potassium 
hydroxide  solution  it  gives  phloroglucinol  and 
protocaiechuic  acid, 

PerUabenzoylmadurin  C,,H,0,(C,H50)5 
melts  at  155**-156*»  (Konig  and  Kostanecki,  Ber. 
1894,  27,  1996);  and  tribram  maelurin 

Ci,H,Br,0„H,0, 

colourless  needles  has  been  obtained  by  Benedikt. 
Maclunn  pentamethyl  ether  C,,H.O(OCH,)„ 
colourless  leaflets,  melts  at  157°.  Aonig  and 
Kostanecki  first  assigned  to  maelurin  the  con- 
stitution of  a  pentdhydroxybenzophenont, — 

OH 

/\-C0— /^,0H 
0H^^  .OH       \ /OH 

W.  H.  Perkin  and  Robinson  (Chem.  Soc.  Proc. 
1906,  22,  305),  and  somewhat  later  Kostanecki 
and  Tambor  (Ber.  1906,  39,  4022)  synthesised 
maelurin  pentamethyl  ether,  by  the  interaction 
of  veratric  acid  and  phloroglucinol  trimethyl 
ether  in  presence  of  aluminium  chloride — 

OCH, 

/\         cooh/\och. 


OCH, 


\/ 


OCH, 


+ 


JOCH, 


OCH, 

,/N— CO— /NocH, ,  „  r. 

=  OCHal^    >OCH,    I     /OCH,"^"*^- 


— CH(OH)— /   ^OCH, 
OCH,  I      'OCH, 


Pentamethylmaclurin. 

When  maelurin  pentamethyl  ether  is  digested 
with  alcoholic  potash  and  zinc-dust  leucamcKlurin- 
pentamethyl  ether  (Kostanecki  and  Lampe,  Ber. 
1906,  39,  4014) 

OCH, 


OCH, 


is  produced  in  prismatic  needles,  m.p.  109°- 
110°,  and  this  on  further  reduction  gives  penta- 
methoxydiphenyl  methane,  m.p.  107°- 108°. 

On  the  other  hand,  if  leucomaclurin  penta- 
methyl ether  is  oxidised  in  acetic  acid  solution, 
veratric  acid  and  diinethoxybenzoquinone  are 
formed. 

Maelurin  is  interesting  as  it  represents  the 
only  simple  benzophenone  colouring  matter  which 
is  as  yet  known  to  exist  in  nature.  It  is  possible, 
however,  that  kinoin  from  Malabar  kino,  and 
aromadendrin  from  eucalyptus  kino  also  belong 
to  this  class  (v.  Kino). 

Patent  fustin.  Under  the  name  of  *  patent 
fustin  *  a  colouring  matter  has  been  placed  on 
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the  aliuJine  metals  in  calico-printing  has  been 
noted  under  article  AimMONY,  vol.  i.  The 
normal  salt  SbaOs*C40«2H20  is  obtainable  by 
boiling  antimonious  chloride  or  oxychloride  in 
oxalic  acid,  or  by  mixing  a  saturated  solution 
of  oxalic  acid  with  a  hyurochloric  acid  solution 
of  the  trichloride.  It  crystallises  out  as  a  granu- 
lar precipitate.  The  antimony  potassium  oxalate 
SbK,(Cs04)s,6Hs0  is  obtained  in  monoclinic 
crystals  from  a  solution  of  antimonic  acid  in 
acid  potassium  oxalate.  It  is  used  as  a  mordant 
in  dyeing.  The  sodium  salt  SbNa4(C,O4)4,10H,O 
is  similarly  prepared. 

Cerium  oxalate  Ce2(C,O4)„10HtO  is  a  white, 
slightly  granular,  insoluble  j>owder,  permanent 
in  the  air,  odourless  and  tasteless.  It  may  be 
prepared  by  the  action  of  oxalic  acid  solution  on 
cerous  oxide,  or  by  addition  of  oxalic  acid  to  a 
soluble  cerium  salt.  Cerium  oxalate  has  medi- 
cinal properties  resembling  those  of  bismuth 
subnitrate,  and  is  used  to  prevent  the  vomiting 
of  pregnancy  and  in  certain  diseases  ( Jolin,  Bull. 
Soc  cnim.  [li.]  21,  540). 

Methyl  oxalate  C,04(CH,),  is  obtained  in 
rhombic  tables  melting  at  64^  and  boiling  at  163° 
by  dissolving  anhydrous  oxalic  acid  in  methyl 
alcohol  and  washing  the  crystals  with  cold  water. 
Methyl  oxalate  is  converted  into  oxalic  acid  and 
methyl  alcohol  by  boiling  with  water.  Pure 
oxalic  acid  may  tlius  be  prepared  {v.  Methyl). 

Ethyl  oxalate  C,04(C,H4),  is  a  liquid  which 
may  be  obtained  by  slowly  neating  a  mixture  of 
3  parts  of  the  aiLdydrouB  acid  and  2  parts  of 
absolute  alcohol  to  100°,  afterwards  heating  to 
125''  or  ISO""  while  the  vapour  of  2  parts  of 
absolute  alcohol  is  passed  in.  The  ethyl  oxalate 
is  separated  by  fractional  distillation.  This 
compound  is  an  aromatic  oily  liquid  boiling  at 
186"  and  decomposed  by  water  in  the  same 
manner  as  methyl  oxalate. 

A  great  number  of  aromatic  esters  of  oxalic 
acid  have  been  i>repared  and  characterised  by 
Bischofi  and  Hodenstrom  (Ber.  1902,  3437); 
and  also  by  Anselmino  (Ber.  Beutsch.  Pharm. 
Ges.  1903,  494). 

The  decomposition  of  oxalates  on  heating, 
though  taking  place  approximately  according 
to  the  equation  CaC,04=CaC0,-f  COin  the  case 
of  calcium  oxalate  is  in  reality  more  complex. 
Some  carbon  is  always  produced  during  the 
ignition  of  calcium  ojudate.  Sodium  and 
barium  oxalates  follow  the  courses  l^&fitQ^ 
=7Na,CO,-f3CO-f2CO,-|-2C  and  8BaC,04 
=8BaCO,+6CO+CO,-fC.  Magnesium  oxalate 
gives  equal  volumes  of  CO  and  CO,  and  no  carbon, 
^«^i04=MgO-fCOH-CO,;  but  most  other 
oxalates  give  notable  quantities  of  carbon 
dioxide  and  carbon  (Scott,  Chem.  Soc.  Proc. 
1904,  156). 

The  electrolytic  reduction  of  oxalic  acid  and 
oxalates  in  sulphuric  acid  solution  to  derivatives 
of  glyoxylic  acid  was  tirst  patented  by  Portheim 
(U.S.  Pat.  798920,  1905). 

Kinziberger  and  Co.  (D.  R.  P.  163842)  reduce 
oxalic  acid,  its  esters,  and  amide  electrolyticaiiy 
in  a  cell  with  a  lead  cathode  and  a  diaphragm  in 
presence  of  sulphuric  acid  of  strengths  varying 
from  2  to  90  p.c.  monohydrate.  The  current 
density  is  2  to  10  amps,  per  sq.  cm.  and  the 
temperature  must  be  kept  low.  Oxanilic  acid 
or  its  derivatives  in  the  same  conditions  >ield 
phenylglyoine  or  a  derivative  (v.  also  U.S.  Pat. 


837083 ;  D.  R.  PP.  204787, 194038).  Kinziberger 
&  Co.  have  since  secured  an  additional  patent 
for  the  use  of  electrodes  of  metals  not  attacked 
by  sulphuric  acid,  particularly  mercury  (D.  R.  P. 
210693).  Bayer  &  Co.  make  use  of  sodium 
amalgam  in  the  reduction  of  oxalic  acid  deriva- 
tives (D.  R.  P.  201895;  J.  Soc.  Chem.  Ind. 
1908,  1176). 

OXAUC      ACID      FERMENTATION      v. 

Fermentation. 

OXAMINE     BLUE,     -MAROON,      -RED, 
-VIOLET  V.  Azo-  coLouBiNo  Matters. 

OXAZINE    COLOURING    MATTERS.— The 

colouring  matters  of  this  series  are  closely 
related  in  structure  to  those  of  the  thiazine 
group,  the  only  difference  in  their  general 
formuUd  being  caused  by  the  replacement  of 
the  coupling  sulphur  atom  by  oxygen.  Two 
typical  examples  in  Capri  blue  and  methylene 
blue  will  illustrate  this  statement 


N 


a(CH,),N^ 


N(CH,), 


s 


Methylene  blue  (thiazine) 

N 

I    I 


^\  y\  /\  /N(CH,), 

Capri  blue  (oxazine) 

Constitution. — The  formula  for  Capri  blue 
given  above  represents  this  substance  as  a 
derivative  of  p-quinone-diimide  in  which  salt 
formation  is  produced  on  the  imido  nitrogen  as 
in,  for  example,  magenta.  Within  recent  years, 
attempts  have  been  made  to  assign  to  the 
oxazines  an  ortho-quinone  formula  of  the  same 
character  as  that  which  is  now  generally  accepted 
as  best  expressing  the  structure  of  the  colouring 
matters  oi  the  azine  series.  On  this  basis  the 
formula  of  Capri  blue  becomes 

N 

I       I       I 

(CH3).N/^^^V'^'^^(^"»)« 

I 

a 

in  which  salt  formation  is  represented  as  having 
taken  place  through  the  passage  of  diad  into 
tetrad  oxygen.  The  work  of  Kehrmann  and 
others  shows  that  many  of  the  properties  of 
these  compounds  can  be  better  explained  by  the 
oxonium  formula  than  by  the  para-quinonc 
structure.  In  the  present  article  the  oxonium 
formulae  have  been  used  mainly  for  the  sake  of 
uniformity,  although  it  must  be  remembered 
that  it  is  by  no  means  certain  that  the  para- 
quinone  structure  of  the  salt  is  incorrect. 

General  descrijAion  and  methods  of  preparo' 
tion. — The  colouring  matters  of  the  series  may 
be  conveniently  classed  under  two  heads : 
(a)  the  basic  colours ;   (6)  the  mordant  colours. 

(a)  The  basic  colours, — These  compounds  are 
the  hydrochlorides,  sulphates,  and,  in  some  cases, 
the  zinc  chloride  double  salts  oif  the  oxazines 
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baaeft.  The  most  typical  member  is  Meldola's 
bhw,  which  wa8  prepared  by  Meldola  in  1879  and 
wa«  the  lirnt  c^iUnu  ot  the  HerieH  Uf  be  isolated. 
In  the  timt  instance  the  prt^paration  was  effected 
by  allowing  /3-naphthol  to  react  with  nitrosodi- 
methylaniline  hydrochloride  in  glacial  acetic 
acid  solution.  At  the  present  time  alcohol  is 
used  as  a  solvent  and  the  colour  is  obtained  by 
the  following  means. 

Preparation, — ^A  mixture  containing  21  grams 
of  /9-naphthol  and  53  grams  of  nitrosodimethyl-  i 
aniline  nydrochloride  is  dissolved  in  alcohol  and 
boiled  for  one  day  in  a  flask  fitted  with  a  reflux 
condenser.    The  colouring  matter  is  formed  in 
solution  and  is  isolated  as  the  zinc  chloride  i 
double  salt  by  adding  a  solution  of  zinc  chloride 
until  nr>  further  precipitate  is  obtained.     The  , 
yield  is  30  ^prams. 

Properties, — ^The    colour    is    a    dark    violet  , 
powder,  soluble  in  water  forming  a  bluish- violet  < 
solution.     It  dyes  cotton  mordanted  with  tannic 
acid   and   tartar   emetic   an    indigo  shade   of 
blue.  I 

Mechanism  of  formation, — There  is  no  doubt  I 
that   the   formation   of   an   oxazine   colouring 
matter,  in  the  manner  described  above,  involves 
the   reduction   of   one-third   of   the   nitrosodi-  j 
methylanilino  used  to  (wym-dimethyl-p-pheny- 
lenodiamine  and  that  the  equation  representing  I 
the  formation  of  Meldola's  blue  can  be  written  | 
OS  follows  : —  I 


NO 


/ 


\ 
3  II  +2jj()       I 

Nltroflodlmethylaniline  ^-naphthol 

hydroclilorlde. 

N      ./--  \ 


and  in  the  other  the  ortho-  position  to  the 
nitrrwo  group  is  free.  In  practice,  however, 
the  formation  of  colours  of  this  character  is 
confined  to  the  simpler  reaction.  Nevertheless, 
a  new  method  for  the  preparation  of  these  colours 
was  introduced  by  Keissig  in  1888,  and  by  its 
means  a  number  of  important  colours  were 
added  to  the  group.  The  new  process  can  be 
best  illustrated  by  referring  to  the  production 
of  Nile  blae  A,  which  is  proiduced  by  the  inter- 
action of  nitrosodiethyl-m-aminophenol  hydro- 
chloride and  a-naphthylamine. 

Preparation, — ^A  quarter  litre  flask,  fitted 
with  an  air  condenser,  containing  10  grams  of 
a-naphthylamine  hydrochloride  dissolved  in 
100  grams  of  glacial  acetic  acid  containing  20  p.c 
of  water,  is  heated  on  the  sand  bath  until  the 
contents  are  at  the  boiling-point  when  19  grams 
of  nitrosodiethyl-m-aminophenol  hydrochloride 
are  added  in  small  portions  at  a  time.  The 
vigorous  reaction  wnich  is  caused  by  each 
addition  is  allowed  to  subside  before  a  fresh 
portion  is  added.  When  all  the  phenol  has  been 
used  the  mixture  is  allowed  to  boil  for  half  an 
hour  when  the  colouring  matter  separates  as 
glistening  crystals  on  cooling. 

Properties. — (hystalline  powder,  with  marked 
bronze  reflex,  soluble  in  water,  alcohol  or  pyri- 
dine forming  a  blue  solution.  Dissolves  in 
concentrated  sulphuric  acid  forming  an  orange- 
red  solution  which,  on  dilution,  passes  through 
green  to  blue.  It  is  employed  for  the  dyeing 
of  tannined  cotton  on  which  it  produces  a  bright 
shade  of  blue. 

Mechanism  of  formation, — ^The  production  of 
Nile  blue  A  may  be  expressed  by  an  equation 
similar  to  that  given  in  the  case  of  Meldola's 
blue,  as  shown  below  : 


(CH,),N 


AA 


/ 


''\/ 


NO 


/\ 


^:> 


NHjHa 


di 


Meldola'n  blue  (chloride). 
/V/NH, 
I       I  +3HgO. 

+C'1H(CH,),n/\^^ 

^fym'd^methyl-p-plienylenediamine. 

ft  is  advisable,  however,  to  use  a  larger  quantity 
of  nitrosodimethylaniline  than  is  indicated  in 
the  above  equation  and  to  employ  two  mole- 
cules of  the  aniline  derivative  to  one  of  the 
naphthol  in  all  reactions  of  this  type. 

Li<erBrfi*r«.— Meldola  (Ber.  1879,  12,  2065; 
(^hem.  Soc.  Trans.  1881,  39,  37) ;  Nietzki  and 
Otto  (Ber.  1888,  21,  1745) ;  Witt  {ibid.  1890,  23, 
2247) ;  Nietzki  and  Bossi  (ibid,  1892,  25,  2994). 
Meldola's  blue  appears  in  commerce  under  other 
names  of  which  the  following  are  the  more 
important :  new  blue,  naphthylene  blue,  fast 
blue,  cotton  blue,  fast  navy  blue  and  naphthol 
blue. 

It  is  evident  from  the  above  equation  that 
the  formation  of  an  oxazine  colouring  matter  of 
the  type  of  Meldola^s  blue  might  be  expec^ted  to 
ensue  when  any  derivative  of  /3-naphthol  is 
treated  with  a  derivative  of  nitnisodimethyl- 
aniline  provided  that  in  theoneca^ethe  adjacent 
position  to  the  hydroxyl  group  is  unoccupied 


3  \      Ji  +2    I       , 

(CjHjJiN^'^^AoH  \/ 

N       /-\ 

"^2  III       !__Nw 

(C.H,),N     ^  %  ^' 

I 
CI 

+  (C.H.).Ni;;^^^  +3H.0 

Liter(Uure.—Reisaig  (B.  A.  S.  F.).  E.  P.  4476, 
88  ;  11046,  91  ;  Am.  P.  431541,  90;  D.  R,  P. 
45268,  88  ;  74391,  91  ;  F.  P.  189359,  88  ;  Bayer, 
D.  H.  P.  49844,  89  ;  F.  P.  198589  ;  Mohlau  and 
Ullmann  (Annalen,  289,  111);  Thorpe  (Chem. 
Soc.  Tran«.  1907,  91,  324).  The  commercial 
product  is  usually  the  sulphate. 

Other  members  of  class  (a)  may  be  summa- 
rised as  under ;  they  arc  employed  as  tannin 
cotton  colours. 

Capri  blue  is  formed  from  nitrosodimethyl- 
aniline and  diethyl-w-amintK'resoI  (Bender,  1890), 
and  the  Cresyl  blues  (Bender,  1892)  are  derived 
from  nitroH()<lialkyl-//)-aniino-p-cre8ol  and  meta- 
or  para-diamines. 

New  blue  R  is  formed  by  the  condcnaation  of 
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a^^ffi-dimethyl-p-pheaylenediamine    with    Mel< 
dola's  blue. 


(CH,),NC,H4HN 


-N(CH,), 


It  has  been  already  stated  that  this  base  is  a 
by-product  in  the  formation  of  Meldola*s  blue. 
It  therefore  follows  that  New  blue  is  alwa3r8 

S resent    in    small    quantities    in    commercial 
[eldola's  blue. 
New  methylene  Mae  is  formed  by  the  action 
of  dimethylamine  on  Meldola's  blue. 


(ch,),nI, 


\      N 

_/V\/\ 


In 


N(CH,), 


It  dyes  cotton  mordanted  with  tannin  a 
greenish-blue,  fast  to  light  and  washing  and  is 
also  employed  for  the  dyeing  of  silk. 

Nfle  blue  2B  is  formed  by  the  condensation 
of  nitrosodiethyl'ffi-aminophenol  hydrochloride 
and  benzyl-a-naphthylamine  (P.  JuUus,  1891) 

N 


<: 


C,H,-CH,HN- 


\^^ 


N(C,H,), 


a 


The  bade  ooloars  of  this  series  have  been 
used  for  some  considerable  time  as  stains  for  the 
purpose  of  oolouring  microscope  sections ;  like 
other  basic  colours,  they  stain  the  nitrogenous 
parts  of  the  section  leaving  the  neutral  regions 
uncoloured.  It  has  been  shown  by  Lorrain 
Smith  (J.  Path.  Bact.  1907,  12»  1)  that  certain 
colours  of  the  ozazine  series  possess  the  curious 
property  of  staining  sections  containing  nitro- 
genous matter  and  neutral  fat  differentially; 
that  is  to  say,  whilst  the  nitrogenous  matter  is 
coloured  blue  in  the  usual  manner  the  neutral 
fat  is  stained  red.  The  colouring  matter  which 
exhibits  this  property  to  the  greatest  degree  is 
Nile  blue  A,  and  there  is  no  doubt  that  the 
cause  of  this  behaviour  is  due  to  the  partial 
hydrolysis  of  the  dye  in  solution,  thus — 

CI 

(C,H.),N,,^  .,..  J^^^^^  /NH,    . 


It  is  found  (Chem.  Soc.  Trans.  1907, 91,  824) 
that  small  quantities  of  the  oxazine  are  formed 
so  soon  as  the  dye  is  dissolved  in  water  and 
that  it  is  readily  extracted  by  neutral  solvents. 
It  is  evident,  therefore,  that  the  staining  of  the 
neutral  fat  is  due  to  the  extraction  of  the 
oxazine  by  the  fat. 

(6)  The  mordant  eoUnirg. — ^The  oolouring 
matters  of  this  section  are  prepared  by  the 
condensation  of  nitrosodialkylanilinee  with 
compounds  of  the  tvpe  of  gallic  acid.  The 
oxazine  contains,  therefore,  two  hydroxyl 
groups  in  the  ortho-  position  to  the  coupling 
oxygen  atom  ;  consequently,  like  alizarin,  they 
vield  insoluble  lakes  with  metallic  salts  and  can 
be  employed  as  mordant  colours.  A  typical 
membc^  of  this  group  is  GaDoeyanlne,  which  can 
be  prepared  by  the  condensation  of  nitroso- 
dimethylaniline  with  gaUio  acid. 

Preparaium. — ^A  mixture  of  10  grams  of 
gallic  acid  and  17  grams  of  nitroeodimethyl- 
aniline  hydrochloride  is  dissolved  in  200  ca  of 
alcohol  (95  p.c.)  contained  in  a  600  ac.  round- 
flask  which  is  fitted  with  a  reflux  condenser. 
The  reaction  is  completed  by  heating  on  the 
water-bath  untfl  a  drop,  removed  bytne  aid  of 
a  elass  rod,  shows  a  deep  violet  spot,  without  a 
yeUow  rim,  when  placed  on  filter  paper.  The 
alcohol  is  then  distilled  off  on  the  water-bath, 
and  the  dried  residue,  after  being  boiled  with 
200  CO.  of  water  and  separated  bv  filtration,  is 
dried  on  porous  porcelain.  The  colouring  matter 
is  a  bronze  powder  insoluble  in  water.  It  dyes 
chrome-mordanted  wool  bluish-violet,  and  is 
also  used  for  printing  upon  chrome-mordanted 
wool  and  cotton. 

Mechanism  of  formaium, — ^The  course  of  the 
reaction,  which  is  of  the  same  character  as  that 
already  shown,  can  be  illustrated  by  the  follow- 
ing equation — 
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Gallocjrantne. 

+  "*^r>(CH.).Ha  +2Ha+3H.O 

\ 

Literature,— n,  Kochlin.  D.  R.  P.  19580,1881 ; 
E.  P.  4899, 1881;  Am.  P.  253721,  257498;  Mon. 
Scien.  1883  (3)  13,  292  ;  Nietzki  and  Otto  (Ber. 
1888.  21,  1736  ;   1892,  25,  2994). 

The  other  dyestuffs  of  this  group  are,  for 
the  most  part,  derived  either  directly  from 
gallocyanine  by  the  action  of  various  reagents, 
or  by  processes  in  which  gallic  acid  or  a  deriva- 
tive of  this  substance  is  employed.  The  follow- 
ing are  the  more  important  members. 

Delphine  blue  (Hagenbuch,  1889)  is  prepared 
by  sulphonating  the  product  formed  by  the 
action  of  gallocyanine  hydrochloride  on  aniline. 
The  Chromocyanines  (de  la  Harpe  and  Vaucher, 
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it  yields  a  tuperperozonide  Cij)H,407,  possibly 

CBfjCHj,CHCH[CHj7C0,H        ^.  ^     . 
•^      ^  /  ,     which     IB     a 

colourless  substance,  not  much  more  explosive 
than  the  other  ozonides  and  has  the  same 
general  chemical  properties. 

Elaidio  acid  yields  a  normal  and  a  per- 
ozonide  which  seems  to  differ  little  if  at  all  from 
those  of  oleic  acid. 

Qtronellic  acid  yields  a  similar  ozonide,  per- 
and  superperozonide  (Harries  and  Himmelmann, 
Ber.  1908,  41,  2187). 

Chotosterol    ozonide    CtjU^fi^,    which    is 

probably  an  oxozone  derivative,  forms  a  very 
stable  white  powder  and,  when  boiled  with 
water,  yields  hydrogen  peroxide,  aldehydes  and 
much  resinous  products.  Similar  ozonides  of 
<du>le0terol  derivatives  have  also  been  obtained 
(Biels,  Ber.  1908,  41,  2596;  Langheld,  ibid. 
1023). 

llie  most  interesting  application  of  the 
formation  of  ozonides  to  the  elucidation  of  the 
structure  of  a  compound  is  perhaps  that  of 
rubber.  When  the  latter  is  treated  with 
6-5-6  p.c.  of  ozone,  in  chloroform  solution  for 
one  hour  for  every  gram,  and  the  product 
evaporated  in  vacuS  below  20°  and  the  residue 
puriOedin  the  usual  way,  a  Jiozonuie  CioHi^O, 
IS  formed  as  a  yellow  thick  oiL  It  dissolves  in 
▼arious  solvents  yielding,  not  colloidal,  but 
ordinary  solutions,  and  men  boiled  ^ith  water 
or  distilled  with  steam  it  yields  Isevulic  aldehyde 
and  acid,  and  Isevulic  aldehyde  superoxide. 
Hie  formation  of  this  ozonide  and  its  decom- 
position products,  together  with  the  fact  that 
when  heated,  rubber  vields,  amongst  other 
products,  t«oprene  and  dipentene,  has  led 
Harries  to  give  the  following  formula  to 
rubber 

rCH,C — CHj — CH,  v^qhT 
L^^<CHg— CH,— (X3H,  Jx 

which  agrees  very  well  with  its  other  known 
reactions.  With  ozone,  it  ^%'ould  form  the  di- 
oaonide 

CH, 
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CH, 

I 
\  /O— C— CH  J— CH ,— OH--Ox 

00 + ^ ->o 

^0— CH-CH,-CH,-  C O^  . 
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CH, 

yielding 
OC(CH,)CH,CH2CH:0:0+0:OCHCH,CH/C<^H 

the  latter  readily  being  transformed  into  acic(. 
The  difference  in  behaviour  of  the  two  ozonides 
on  decomposition  is  assumed  to  be  due  to  some 
form  of  stereo-isomerism  {ibid,  3985). 
Benzene  triozonlde  or  osobenzene 

CH\f> 

ch/\ch' 

^»<CH.     JCH 
CH-0, 

is  formed  by  passing  absolutely  dry  5  p.c.  ozone 
into  dry  benzene  at  5^-10°  for  about  2  hours. 
It  is  stable  in  dry  air  at  the  ordinary  tempera- 
ture and  forms  a  white  amorphous  mass  which, 
if  quite  pure,  becomes  crystalline  when  treated 
with  water  at  0^  It  is  soluble  in  acetic  acid 
but  not  in  other  organic  solvents.  When 
warmed  quickly  it  expbdes  violently,  and  when 
treated  with  water  it  yields  chiefly  glyoxal 
OHC'CHO  and  some  glyoxylio  acid  which 
probably  results  from  the  oxidation  of  the 
aldehyde  with  the  hydrogen  peroxide  formed 
in  the  first  reaction,  l^ese  reactions  show 
almost  conclusively  that  benzene  has  three 
double  linkings  and  that  Kekules  structural 
formula  for  b^zene  is  correct. 
j  Only  the  decomposition  products  of  the  tri- 
I  ozonides  of  toluene  o-  and  m-xylene  and  of 
mesitylene  have  been  obtained. 
Diphenyl  forms  a  teiraozonide 
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which,  on  decomposing,  breaks  at  the  dotted 
lines  and  therefore  pelds 

0:0:  C(CH,)CH,-CH,CH :  0 : 0 

y.._.  II 

+OCHCH,CH,COCH, 

LkvuIic  aldeh3rde  diperoxide  is  readily  trans- 
formed to  the  aldehyae  in  the  presence  of  steam. 
ooosequeotly  the  hevulio  aldehyde  is  present 
in  large  quantity  (Harries,  Ber.  1905,  38, 
1195). 

Gutta-percha  gives  a  diozonide  which  seems 
identical  with  rubber  diozonide,  but  on  de- 
oompodtion  with  water,  it  yields  much  less 
aklehvde  and  more  acid :  its  decomposition 
has  tutelore  been  represented  as  taking  place 
chiefly  thus 


obtained  as  a  crystallino  mass,  which  explodes 

violently    when    heated.     The    fact    that    two 
,  more  ozone   molecules   are   not   added   at   the 

double    linkings    is    probably    due    to    stcric 

hindrance. 

I        Naphthalene,  when  strongly  cooled  and  sub- 
;  mitted  to  the  action  of  ozone,  yields  a  crystalline 

diozonide,  thus  |  ,  indicating  that,  in 

;  M>\A). 

I  all  probability,  only  one  of  the  rings  has  the 
I  benzene  or  Kekulc  structure,  whilst  the  other, 
!  possibly,  has  the  concentric  form.  When  tn^ated 
I  with  water  the  diozonide  yieltls  phthalic  aldehyde 
;  C,H4(CHO)2,  phthalic  acid,  glyoxal,  and  gly- 
oxylic  acid. 

Phenanthrene  when  treated  similarly  also 
forms  a  diozonide  C.4H,oO,  ha\'ing  similar 
properties  to  the  naphthalene  diozonide. 

Tetrahydrobenzeneozonide  CfHioO,,  obumed 
by  passing  ozone  into  a  chloroform  solution  of 
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In  either  caae  the  metal  must  be  heated  in 
hydrogen  and  then  cooled  in  carbon  dioxide. 

Literature,— Bumcn,  PhiL  Mag.  1868.  [iv.] 
36,  253 ;  PhiUpp,  DingL  Poly.  J.  1876,  220,  95 ; 
Guyard,  CompU  rend,  1863,  56,  1177  ;  Leidie, 
ibid.  1900,  131,  888;  Orloff,  CSiem.  Zeit.  1906, 
30,714. 

Palladium  is  a  silver-white  metal  as  hard  as 
platinum  but  less  ductile.  It  has  a  sp.gr.  of 
11-97  (VioUe)  and  melts  at  1546*"  (Waidner  and 
Burgess,  J.  Soc.  Chem.  Ind.  1907,  1140).  When 
heated  to  low  redness  in  air,  it  becomes  bluish, 
but  it  regains  its  white  appearance  at  hisher 
temperatures.  At  the  melting-point  of  iridium, 
it  boils  and  volatilises  as  a  green  vapour  with 
partial  oxidation. 

It  unites  with  fluorine  and  chlorine  at  a  dull 
red  heat,  and  superficially  with  iodine  when 
t  reated  with  alcoholic  iodine  solution.  Palladium 
is  readily  attacked  by  a^ua  regia,  but  less  so  by 
other  acids.  It  unites  with  sulphur  and 
selenium,  less  readily  >»ith  phosphorus  and 
arsenic,  and  with  silicon  at  a  white  heat.  It 
forms  alloys  with  many  metals. 

Palladium  has  been  employed  for  the  gradu- 
ated circles,  &c.,  of  philosophical  instruments, 
and,  to  a  small  extent,  in  watch-making,  and  has 
been  used  for  the  electro-plating  of  parabolic 
mirrors  on  account  of  its  silvery  appearance 
and  absence  of  chanee  on  exposure  to  impure 
air.  It  is  also  used  for  solderins  platinum, 
but  the  bulk  of  the  output  is  employed  in  the 
manufacture  of  dental  alloys. 

Ptilladium,  in  the  form  of  palladium  asbestos, 
is  said  to  \iiye  excellent  results  when  used  as  a 
contact  substance  in  combustion  analyses.  It 
may  be  prepared  for  this  purpose  by  precipitat- 
ing a  solution  of  pure  palladium  chloride  in  the 
presence  of  asbestos,  by  means  of  alkaline 
sodium  formate  (Jacobsen  and  Landesen,  Ber. 
1907.  40,  3217  ;  Dennstadt,  ibid,  3677). 

Palladium,  either  in  the  form  of  sponge  or 
bUck,  has  catalytic  properties  in  a  greater 
degree  than  platinum. 

Literature  on  the  catalHic  properties  of 
palladium  and  of  colloidal  palladium,  Coquillon, 
Compt.  rend.  1878,  87.  796 ;  Phillips,  Zeitsch. 
anorg.  Chem.  1894,  6.  213  ;  Lunge  and  Akunoff, 
ibid,  1900,  24.  191  ;  Kraut,  Ber.  1887,  20.  1113  ; 
Jahn.  ibid.  1889,  22,  989 ;  Zelinsky,  ibid.  1898, 
31,  3203;  Bredig  and  Fortner,  ibid,  1904,  3, 
798;  Paal  and  Roth,  ibid,  1908,  41,  2273, 
2282;  ibid,  1909,  42,  1553;  ibid,  1910,  43, 
2684,  2692. 

Palladium  sponge  or  black  would  be  employed 
on  a  commercial  scale  instead  of  or  in  conjunction 
with  platinum  if  a  sufficient  supply  were 
available. 

Palladium  absorbs  various  gases  in  quantities 
varying  with  its  physical  state  (Cailletet  and 
Collardeau,  Compt.  rend.  1894,  119.  830; 
Mond,  Ramsay  and  Shields,  Proc.  Roy.  Soc. 
1897,  62,  290;  Harbcck  and  Lunge,  Zeitsch. 
anorg.  Chem.  1898,  16.  50). 

At  ordinary  temperatures,  a  palladium  wire 
will  absorb  l>etween  300  and  400  times  its 
bulk  of  hydrogen  and.  when  heated  to  redness 
in  hydrogen,  it  absorbs  nearly  1000  volumes 
and  increases  in  bulk  by  nearly  10  p.c.  This 
*  aUoy  '  of  hydrogen  and  palladium  is  permanent 
in  air  and  in  paeud  at  ordinary  temperatures, 
but  jrieldfl  up  the  whole  of  its  hydrogen  when 


heated  in  tncud  (Mond,  Ramsay  ahd  Shields* 
Chem.  News,  1897,  76,  317 ;  Dewar,  ibid.  274 ; 
Fischer,  J.  Soc.  Chem.  Ind.  1906,  993). 

'  Palladium  hydrogen  '  is  a  valuable  reducing 
agent  (Sabatier  and  Senderens,  Compt.  rend. 
1892,  114,  1430;  Ann.  Chim.  Phj-s.  1896.  7, 
357,  383  ;  Engel,  Compt.  lend.  1899,  129,  518 ; 
Keiser,  Ber.  1887,  20,  2323). 

In  presence  of  water  and  of  oxygen,  pal- 
ladium hydrogen  seems  to  behave  as  an  oxidising 
aeent,  tms  being  probably  due  to  the  formation 
of  hydrogen  peroxide,  which  in  the  presence  of 
palladium,  behaves  as  the  oxidiser  (Traube,  Ber. 
1889,  22,  1496 ;  Hopoe-Seyler,  ibid,  2215). 

The  salts  of  palladium  have  so  far  been 
but  little  applied  to  technical  use,  but  some  of 
them,  like  potassium  palladium  chloride,  are 
employed  for  toning  in  photography  (J.  Soc. 
Chem.  Ind.  1911, 1410).  The  metal  is  commonly 
included  in  the  sub-group  ^^ch  includes  the 
metals  rhodium  and  ruthenium.  All  three  are 
lighter,  melt  more  readily  and  are  more  easily 
volatilised,  oxidised,  and  dissolved  than  the 
other  metals  of  the  platinum  group.  The 
division  of  the  platinum  metals  into  two  groups 
is,  however,  somewhat  arbitrary,  and  depends 
mainly  on  difference  in  density  ;  and  palladium, 
like  osmium,  would  almost  require  to  be  pUoed 
alone  except  as  regards  this  one  point,  n  sub- 
division were  permissible. 

PALLaDiuM  Compounds. 

Oxides,  PiUadlum  monoxide  PdO  may  bo 
prepared  as  an  amber-coloured  mass,  yielding  a 
olack  po>vder,  by  heating  a  mixture  of  a  palladium 
salt  with  potassium  carbonate  ;  or  as  a  bluuih* 
green  mass  by  heating  the  spongy  metal  in  a 
current  of  oxygen  at  700°-840**.  It  acts  as  a 
powerful  oxidismg  agent  to  organic  substances, 
and  is  reduced  to  metal  by  hydrogen  or  hydrogen 
peroxide.  ^Vhen  freshly  precipitated  in  the 
cold  from  a  palladous  salt  with  sodium  carbonate, 
the  hydroxide  is  dark  brown,  and  is  readily 
soluble  in  alkalis.  If  dried  or  precipitated  from 
a  boiling  solution  it  becomes  insoluble.  The 
pcUladious  salts  which  correspond  to  this  oxide, 
are  of  a  green,  red.  or  brown  colour,  and  have 
an  astringent  taste. 

Palladium  dioxide  PdO^  may  be  obtained  in 
an  impure  hydrated  form,  soluble  in  acid,  b^ 
the  interaction  of  caustic  soda  and  a  palladi- 
chloride,  or  in  a  purer  form,  by  the  anodic 
oxidation  of  the  nitrate  (Wohler  and  Konis, 
Zeitsch.  anorg.  Chem.  1905,  46,  323;  ibtd. 
1906.  48,  203).     It  is  a  vigorous  oxidising  agent. 

Palladium  sesquloxide  Pd^O,  is  best  prepared 
by  the  electrol^'tic  oxidation  of  a  concentrated 
solution  of  palladious  nitrate  at  8^  with  a  current 
density  of  0*5  cm.  amp. /cm*  ;  but  if  the  electro- 
lysis is  prolonged,  the  clioxide  is  formed  (Wohler 
and  Martin,  ibid,  1908,  57.  398).  It  forms  a 
dark  brown  unstable  powder ;  gives  unstable 
solutions  in  hydrochloric  acid,  and  when  sus- 
pended in  ether  and  mixed  with  alkali  chlorides, 
on  addition  of  hydrochloric  acid,  the  double 
chlorides  PdCl5,2MCl  are  formed,  which  in  contact 
with  water  yield  the  salts  M,PdCl4. 

Halogen  compounds,  Palladlous  chloride 
PdOlj  may  be  prepare<l  by  the  action  of  air  or 
of  chlorine  and  hydrochloric  acid  on  the  metal, 
or  by  heating  palladious  sulphide  in  dry  chlorine 
(Matignon,  Compt.  rend.  1903,  137,  1051). 
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agents  uaed  are  dilate  nitric  acid,  obromio  acid  i  The  orris  root  is  extracted  with  ether  and 
mixture  or  ozone.  It  is  also  obtained  by  the  :  the  extracted  matter  distilled  in  steam.  The 
methylation   of   p-hydroxybenzaldehyde.     The    volatile  fraction  contains  irone,  myristie,  and 


semi-C€irba£one  melts  at  203^-204'*,  the  two 
modifications  of  the  oxime  at  63°  and  132** 
respectively. 

CHO 

/\ 
VaniUin  |      \qq^     i^'  Vaniluk). 

OH 
CHO 

Heliotropin   |      U 

(Piperonal)    \/^\ 

O CHj 


oleic  acids  and  their  esters  and  oleic  aldehyde. 
The  acids  and  esters  are  removed  by  treating 
with  alcoholic  potash,  the  aldehydes  oxidised 
by  means  of  silver  oxide,  and  finally  the  irone 
separated  by  conversion  into  its  phenyl  hydra- 
zone  (Tiemann  and  Kmger,  Ber.  1893,  26, 
2675).  It  may  be  obtained  more  conveniently 
from  orris-root  oil  by  fractional  distillation. 
The  smell  of  the  pure  substance  is  sharp 
when  concentrated,  but  if  largely  diluted, 
resembles  that  of  violets.  Its  synthesis  has 
been  accomplished  by  MerUng  and  Welde 
(Annalen,  1909,  366,  119)  who,  starting  from 
oatechuic  aldehyde.  White  crystals.  m.p.  36°;  »«>propyUdene  acetoacetic  ester,  succeeded  in 
b.p.  236°.  Heliotropin  has  the  characteristic  I  obtaming  A-4.cyc^itral ;  on  condensing  thiP 
odour  of  heUotrope  flowers,  but  it  has  only  been  with  acetone,  irone  was  produced, 
detected  with  certainty  in  the  flowers  of  Swraa  ,  "  "  .  *^*^72^  ^Kox*  P-womophenyl 
nimaria  (linn.).  It  was  originally  synthesised  by  T^^^Jj^f'Jj^'^'  }]fi  T^^^  h^^L  '^  ^^^^ 
Fittig  and  Mielk  from  piperonylic  acid,  and  was  |  (™-P-  121-5  ),  crystallismg  with  diflSculty. 
prepared   from   pperine.      Ground  i)epper  is  i       lonone  C,,H2oO 


methylene  proto- 


mixed  with  slaked  lime  and  water,  evaporated 
to  dryness  and  extracted  with  ether.  The 
residue  is  boiled  with  alcoholic  potash  and 
the  potassium  piperate  formed  oxidised  with 
permanganate.  From  the  filtered  solution, 
heliotropin  crystallises  out.  It  is  now  manu- 
faotured  by  the  oxidation  of  Mosafrol  with 
permanganate  or  chromic  acid.  The  product 
is  steam  distilled,  extracted  with  ether  and 
purified  by  means  of  its  bisulphite  compound. 
The  yield  produced  by  oxidation  of  safrde  is 
much  less,  so  that  the  safrole  is  converted  first 
to  isosafrole  by  boiling  with  alcoholic  potash. 


CH, 
CH, 


/■ 


CH 

\::cH, 

\/^\CH  :  CH-CO<^H, 


C 
CH|  CH3 


CH, 


CH.l 


CCH, 
OCHrCH-CO-CHa 


CH !  CH-CH, 

0— bn. 


CH,-CH :  CH, 

I       \ 


\/o\ 


)5: 


-CH, 


C 
CH.b 


H, 


The  use  of  ozone  as  oxidising  agent  gives  a  good  a- lonone,  b.p.  123^-124°  (11  mm.),  sp.gr.  0*932 
yield  of  a  pure  product  (Otto).  It  may  also  be  at  20®,  n^^  1*4980;  )8-Ionone,  b.p.  127®-128*6* 
prepared  by  the  action  of  methylene  iodide  on    (lo  mm.),  8p.gr.  0*946  at  17^,  tiJT  1-521. 


protooatechuic  aldehyde  in  presence  of  alkali. 

Since  its  introduction  in  1879,  the  price  has 
fallen  from  £160  to  30«.  per  kilo.  It  must 
be  kept  in  a  cool,  dark  place  since  it  becomes 
gradually  discoloured  on  exposure  to  light ;   in 


lonone,  obtained  by  llemann  and  Kriiger 
(Ber.  1893, 26, 2691 )  in  an  unsuccessful  endeavour 
to  synthesise  irone,  forms  the  basis  of  synthetic 
violet  perfumes.  Citral  and  acetone  interact,  in 
the    presence    of    alkaline    condensing    agents. 


the   hot   weather   it   is   conveniently   kept   in  :  forming  pseudo-ionone,  a  pale  yellow^  strongly 
alcohoUc  solution.     It  may  be  ^dOTttifif^dJby  a    refractive  oU.  boiling  at  143*»-146*»  (12  mm.) 


semicarbazone  (m.p.  224*'-i25®),  by  reduction  to 
piperonyl  alcohol  (m.p.  51°),  or  by  oxidation  to 
piperonylic  acid  (m.p.  228®). 

KETONES. 

The  most  important  members  of  this  class 
are  irone,  the  odoriferous  principle  of  orris-root 
ionone,  the  basis  of  the  synthetic  violet  perfumes, 
and  jasmone,  the  ketone  isolated  bv  Hesse  from 
jasmme  oil,  the  constitution  of  which  is  as  yet 
unknown. 

Irone  Ci,H,oO 

CH, 

H,C-HC/N,CH 

CH,-CO*CH:CH\  /^"^ 

C(CH,), 
b.p.   144®  (16  mm.);  sp.gr.  0-939  at  20®,  [o]^ 
+40®,  nj)  1-60113  (Tiemann  and  Kniger). 


CH, 

HC!^   •lcH-CHO+^"»'^'^'^-"» 
C(CH,), 

(;h, 

/\ 

H,0      .jC-CH, 
^     HCk     ''CH-CH:CH*CO-CH, 

C(CH3), 

This,  when  treated  with  acids,  is  converted  into 
a  mixture  of  the  isomeric  cyclic  ketones  a-  and 
$'  ionone.  As  the  alkaline  condensing  agent 
dilute  barvta  water  may  be  used,  or  the  dry 
mixture  01  citral  and  acetone  may  be  shaken 
with  dry  sodium  peroxide  (Kayse,  D.  R.  P. 
127661),  or  with  PbO,  LaO,  or  borates  (Haar- 
man  and  Reimer,  D.  R.  P.  130467).  The 
proportion    ->f    a-  or    ;8-  compound    produoed 


PETROLE0M. 


14S 


The  alide  ia  alowlj  drawn  open  while  the 
pendulum  performB  Chree  OBcillktions  and  ia 
closed  during  the  fourth  o»cilUtion. 

Nora. — If  it  ia  desired  to  employ  the  teat  ap- 
piutttui  to  determine  the  flaahing-point  of  oiU  of 
very  low  ToUtilitv,  the  mode  of  proceeding  ie  to 
be  modified  as  follows  : — 

The  air-obaniber  wbioh  Burrounds  the  cup  is 
filled  with  oold  water  to  a  depth  of  1}  inches. 


and  the  heating- vesBcI  or  water-bath  is  filled  aa 
UBual,  but  also  with  cold  water.  The  lamp  ia 
then  plocHl  under  the  apparatus,  and  kept  there 
during  the  entire  operation.  If  a  very  heavy  oil 
ia  being  dealt  with,  the  operation  may  be  com- 
menced witb  water  previoualy  heated  to  120*F. 
inateod  of  with  cold  water.' 

In  order  to  deal  with  the  difGoulty  arising 
from  the  aluggish  Sow  of  the  convection  currents, 
and  the  consequent  low  reading  of  tbe  tbermo- 
meCer,  when  viaoous  samples  are  tested,  and,  in 
addition,  to  make  provision  for  the  testing  of 


solid  petroleum  mizturea,  an  Order  in  Council 
(Statutory  Rules  and  Orders,  1907,  No.  483) 
wss  issued  on  May  7,  1907,  tbe  Schedule  of 
nhich  is  as  follows  : — 


1.  Li^id  Mixtnrts.    Where  the  petroleui 


ingredimt. 


manner  act  forlh  in  Schedule  One  to  the  Petro- 
leum Act,  ltJ79. 

2.  Kiscotis  and  Sedimentary  Mixtartt. 
Where  the  petroleum  mixture  contains  an  un- 
dissolved sediment,  as  in  tbe  case  of  some 
mctsl  polishes,  which  can  be  separated  by 
filtration  or  by  settlement  and  decantt^tion, 
tbe  sediment  may  be  so  separated  and  the 
decanted  liquid  may  be  tested  in  tbe  monnct 


oltl 


purpose,  which  oaonpm  less  spkoe  thMi  a  lever  I  delermiiied  bj  heating  >  vei^ied  quantity  in  an 

pre.^i.  evaporating  diih  to  a  temperature  BOmewhat 

c  Ptreeniajt  of  aaltr  a*d  dirt.     The   per-    above  the  boiling-point  of  mtor,  the  melted 

oantage    of    witer   in    paraffin    Boale   may   be  I  paraffin    being   oontinnotul;   atiired   uDtil  tlM 


whole  of  the  water  hu  tiecn  <lrivon  off,  when  the 
Ion  in  weight  is  noted.  If  the  quantity  of  water 
present  U  large  the  percentage  may  bedetarmined 


by    distillation  or  by  Eabaidcnoe,  the   paiaffii 
being  retained  in  a  melted  state  until  the  watei 


F(0.  36. 

The  operation  may  then  be  completed  by  dis- 
soivinp  Ihr  remaininp  paraffin  in  warm  petroleum 
spirit  (hydratedl.  In  this  method  of  testing, 
the  dirtis  usually  estimated  with  the  water, 
I  but  it  the  proportion  of  dirt  is  considerable  it 
should  be  collected  on  a  filter  paper,  washed 
FlO.  35.  *■'''  mineral  spirit,  dritnl  and  weighed. 

The   following    methoilti   of   trsting   Scotch 

f^^0  separated.    Sutherland  >  hnx  introdunxl  a  |  panffin   scah'   and    heavy    mineral   oils   were 

convenient  form  of  apparatus  for  making  the  i  agreed  upon  by  the  chief  cfacmiHta  of  tile  Scottish 

latter  test,  consisting  of  a  bulbed  tube  (taking  a  '  Mineral  Oil  Xnoolation.  Priot'n  Patent  Candla 

.  J.  Boc.  Chtm.  Ind.,  1887,  fl.  123,  '■  Company,  and  the  writer. 
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of  whioh  is  graduated.  In  the  use  of  this 
instrument  the  greater  portion  of  the  melted 
paraffin  may  be  readily  poured  off  by  removing 
the  tube  from  the  heatlng.bath  when  the  water 
has  separated,  and  plnnsmg  the  lower  end  into 
oold  water  so  as  to  seal  the  water  ^  causing  the 
solidification  of  a  layer  of  panmn   above  it. 


PHELLANDRENE.  les 

III.  Viscosity  of  Mikebal  Oil.  Chom.  Ind.  1899,  302 ;  Wallach,  Annalcn,  1906, 

9.  Determination  of  the  viscosity  of  mineral  ?^2' ^8) :  in  ciimamon  oil  (Dayk,  Chem.  Zentr. 
oa.  The  instrument  known  as  the  *  Redwood  '  J^SS;  "*.  ^^  '  Schimmel  &  Co..  i*«J.  1910.  i. 
viscometer  is  that  which  is  to  be  employed  in  1720) ;  mtheoiUof  8chmu8moUe(Wallach  *«i. 

the  determination  of  the  viscosity  of  mineral  j^^J-j^^'^^lf^j,  °'  {^'**'?!2ti  ^?£ffn&x°°'l 

oils.    The    instrument    is   to    be   stondardised  (Rodi*.  BuU.  Soo.  ohjin.  190^,  F^^ 

according  to  the  directions  given  by  Mr.  Boverton  i^'^.f^"^  l^^^'l  (Schmdelmeiser.  Chem. 

Redwood  (J.  Soc.  Chem.  Ind.  5,  127).   Ordinary  p**'  ^^^'  ^1,  769) ;  of  the  sassafras  bark  and 

results  are  to  be  expressed,  as  the  time  in  seconds  ^^„V^  (Power  and  Klebber.  Chem.  Zentr.  1 897,  u. 

which  50  C.C.  of  the  oil  take  to  flow  through  the  f?);  m  the  seeds  of  .Moii^ 

orifice  at  a  temperature  of  70*F.  m"'"^*''^^*??^--.  ^^'Jl'  ^^12^ '   '''      .    !  """? 

'^  (Glover,  ibid,  1907, 1. 1794) ;  m  the  resins  of  elemi 

IV.  Sbttino-point  op  Mineral  Oil.  wood  (Canartum /uzontciim  [Miq.])7Wallach  and 

ii\    rk  s       '    *•          r    si..    ..M.*..^  »^'«4    ^/  Rheindorf.  Annalen.   1892.  271,  310;    Bacon. 

10.  D^r^»at,on    of    Oe    »f' ^"P""*    "/  Chem.  Zentr.  1909.  u.  1448  ;  in  bitter  fennel  oi 
m,,>tral  oU     Tins  » determined  m  the  fd^^^  (Cahours,   Annalei.    1842.   41.    74 ;     WalUch, 

manner.     Into  a  test-tube  havmg  a  diameter  of    \...  ,„„,  „„o  .„    '....  ,-^  -,«  ,i,    .    , ,_• 

about  U  ins.  the  oil  to  be  test^  ia  added  to  .•*•<'•  \^.^'S^'  ^ k^i  ^^',^?^'  ?) :  ■"  7>ter 

the  depth  of  about  2  ins. ;   the  tube  is   then  ^"^^^^  °'"  iOenarUhe  PheUandnum(I^m.))  from 

immerid  in  a  freezing  mirture.  the  oil  being  ,^*r^iS%T^L;\lTT„  ifri^.tel'A']!?- 

,      ,     .- i.^4.u«*u^- ^^ ..»4^:iu  :«^^v^i^^  >tal.  18oo,  lo,  225).  and  m  many  other  oils  f«ee 

.slowlystirred  withathormometertmtd^t^ cooled  Bioohemisch^  Handlexikon,  1910.  vii.  296). 

down   oon«'derably   Wow  the  temperatui^  at  ^^  j^  ^„^  ^^  ^^^  ^^^  ^^^^^^  ^j  ^^^^ 

which  Bobd  paraffin  arst  appears.  Jhe  tube  is  ^„j  ^       j            modifloations.  the  «-  and  fi- 

then  removed  from  the  freezing  ™^  the  ^^  ^^  ^^^  ^^^^  ^j  ^^.^^  .  '       „         ^ 

Oil   constantly   stirre<l   with   the   thermometer.  ;„  ,tl««<.««  ««««♦;♦„  ♦!>««  ♦u^  io**«-      -m^uu^    ^* 

and  the  point  carefully  watched  at  which  the  mgreater  quantity  than  the  latter.     Neither  of 

r  V  ill  F^    "      *      ^«„«;„    ,!;.»«««„«,      Tu;^  these  has,  however,  ever  been  obtained  quite  pure 

la.t   trace   of   ^^^^^  ,P*^.»J^"   ^^>^^^  (Kondakoff.  J.  pr.  Chem.  1908.  [ii.]  78;42).^ 

op-ration  is  repeated  with  the  same  sample  of  ^.pkell^r^r^ne  exist*  in  deitii).  ind  !«vo. 

o.l    until    two    experiments    K^^^e    concordant  modifications.    The  chief  sources   of 

rc3iilt.s,  the  temperature  so  found   being   the  j.^.p^ellandrene  are  bitter  fennel,  elemi.  and 

srttmg.pomt.  echinus  oil.      It  is  also  the  chief  constituent  in 

7.  Oas  and  fuel  oUs.  the    dry  distillation  of    certain    elemi   resins, 

*  Gas  oils  '  (mineral  oil  distillates  used  in  the  whilst  the  chief  source   of  /-a-phellandrene  is 

manufacture  of  gas  for  illuminating  purposes  or  eucal3rptus  oil  (Wallach.  Annalen.   1904.   336. 

for   the  enrichment  of  coal-gas)  are  teste<l  for  10).      The  purest  natural  a-phellandrene  so  far 

specific  gravity,  flash-point,  and  freedom  from  obtained  has  b.p.  61 VI 1  mm.,  sp.gr.  0-844  at 

water  and  dirt.  In  some  cases  a  distillation  test  19®  (rf— o).  and  b.p.  66V12  mm.,   sp.gr.  0*846, 

dcsipncd  to  secure  uniformity  in  the  oils  supplied  at  19*  {I— a),  at  ordinary  pressure  the  b.p.  is 

is  also  carried  out.  173®-176°.    The  optical  rotation  depends  on  the 

Oils   intende<l   for   use   as   liquid   fuel   are  source  of  the  phellandrone.     a-Phellandrene  has 

examined  for  the  presence  of  wat^r  and  of  solid  been    synthesised    from    wopropyl-A'-hexenone 

particles  of  foroijin  matt<?r  capable  of  blocking  by  treating  the  latter  with  magnesium  methyl 

the  burners,  as  well  as  for  specific  gravity,  flash-  iodide  thus  : 

point,   fluidity   at   32®F.,   calorific    value,   and  Qg 

porccntape  of  sulphur.  ^ —                         \     / — ^ 

Calorific  value.     This  is  best  determined  by  0:  .'          > .  CgH,  •>   p<         /0,H; 

!>uniing  one  gram  in  a  bomb  calorimeter  of  the  =                     rra       = 

Mahler   or  similar  type.      Accuracy  to    ^nthin  • 

alK>ut  half  of  1  p.c.  may  be  obtaine<l  with  careful  «^  rr^  .,^     '\ p  -a 

workinp.^  '     ^r=''^         '     ' 

Sulphur     After    the  determination   of   the  (Wallach,  'Annalen,  1008.  359.  265 ;    ibid.  362. 

cilorihc   value,   the  gaseous  products  of  com-  ggl).     It  has   b.p.   175®-176*»  (decomp.).  sp.gr. 

bu-stion  in  the  bomb  are  le<l   through  a  slightly  Q.g4i  ^t  22**                                               x-  /      «  o 

alkaline  scriibber.  the  liquid  in  which  is  added  a-Phellandrene    has    also    been    synthesised 

to   the  nnsinirs  of  the   bomb   and    the   whole  ^^^    A«.menthene-2-one    bv   treating   it    with 

pnKjipitatoil  with  barium  ohlondc  in  the  usual  phosphorus    pentachloride  *and    reducing    the 

'"*  OP  TiiM  IMP  PF  TUN  QF  nr  PPTITIWITF  P^duct  thus  obtained  with  zincdust  in  methyl 

PE-TUN-TSE,  PE-TUN-SE.  or  PETUNTZITE  alcohol  solution,  or  by  reducing  menthenone-2- 


r.    CHiyA-STONB. 

PEUCEDANUM  (ANETHUM)  GRAVEOLENS 

(Benth.   et  Hook.).     The   common  Dill,   culti- 
vated   in    England  and   the  South  of   Europe. 


oximo  with  zinc-dust  and  glacial  acetic  acid,  and 
distilling  the  A*-mciithonoamine  so  formed  in 
vacuo  with  phosphoric  acid.  The  a-phellandrene 
so  (►btainod  has  b.p.  66°  '14  mm.,  70°/15  mm.. 


Has  a  hot  sweetL.h  taste :    is  used  in  medicine  |  ^,.^473    ^t    21*»    «,-f4r,«     (Harries    and 

and  for  flavouring  spirituous  «'ordmls.  I    '  i' 

PEWTER  r.  Tin.  •  J<^hiJsoii,  B»t.  1005,  38,  1832  ;   sec  also  Konda- 

PHASEOLUNATIN  r.  (iLrcosroES.  |  ^off  and  vSchind(Iinei.«»fr,  J.  pr.  Chem.  1905,  [ii.] 

PHELLANDRENE  C.oMm  is  a  trrp.«ne  which  1  72.  193  ;    1907,  (n.]  7o,  141). 

oronrs  in  many  oils  such  as  Ihat  of  KucaUfptus  a-PhrllandnMu-  coinluiirs  directly   with  two 

um,,'idalina  (Lnbill.)  (Baker  and  Smith.  .1.  Soc.  i  atoiiis  of   hro.ninc  tornnn^  a  dibn)midc  which, 

'  I  when  Ik)iIc«1  with  alcoholn' iK»tash,  yields  cvnicne 

A  fall  trans'atlon  into  l-n^li^li  of  th.;  (h'.^rriptive     (^VaMaoh  and  llcrhi^s  Annalen,  IsV,.  2«7.  371  ; 


Pftinplileti*'*"^*!  bv  the  rauk'T^  of  tlie  MalihT'bomb  in 
included  In  Hiek'o  Mineral  Oil  Tt>'*tiiitf  ((irimn). 


Bacon,     I.e.).     When     treated     with     alcoholic 


PHENANTHBENE. 


le? 


after  removal  of  acid  and  basic  coiu>titiient8,  the 
readoe  is  freed  from  fluoiene  and  diphenylene 
oxide  by  fusion  with  caustic  potash  at  300% 
followed  by  extraction  with  hot  water.  The 
nttidue  is  then  distilled  to  obtain  the  pure 
h  vdrocar>x>n  ( Akt.  Teer-  u.  Erd-Oel  Ind.  D.  R.-P. 
130679 ;  £ng.  Pat.  5047  of  1901 ;  cf.  Kraemer 
and  Weissgerber,  Ber.  1901,  34,  16d5). 

On  the  laboratory  scale,  phenanthrene  is 
purified  conveniently  by  conversion  in  alcoholic 
solution  into  the  picrate,  which  crystallises  in 
golden-yellow  needles,  m.p.  143*'-145%  and  on 
treatment  with  ammonia  yields  the  pure  hydro- 
carbon (Limpricht,  Ber.  1873,  6,  532). 

PfXfperties. — Phenanthrene  crystallises  in 
colourless  scales,  m.p.  100*^,  b.p.'  340%  It  is 
insoluble  in  water,  but  readily  soluble  in  hot 
alcohol,  ether,  carbon  disulphiJe,  acetic  acid,  or 
benzene,  shonine  blue  fluorescence  in  solution. 
100  parts  of  toluene  dissolve  33<»2  parts  at 
16*5® ;  100  parts  of  absolute  alcohol  dissolve 
2-62  parts  at  16*  ;  or  10-08  parts  at  78**  (Bechi, 
Ber.  1879,  12,  1978) ;  and  100  parts  of  95  p.c. 
alcohol  dissolve  about  2  parts  at  13°-14**  (Gracbe, 
Annalen,  1873,  167,  136). 

Reactions, — (1)  Oxidising  agents  convert 
phenanthrene  into  phenarUhraquinone,  or  by 
further  oxidation  into  diphenic  acid  (Fittig  and 
Osterma^'er,  /.c),  but  with  a  large  excess  of  100 
p.c.  sulphuric  acid  and  some  mercury  at  300** 
phthalic  acid  is  obtaine<l  (Bad.  Anilin-  u.  Soda- 
Fab.  D.  R.-P.  91202 ;   Eng.  Pat.  18221  of  1906). 

(2)  Chlorination  in  presence  of  halogen 
carriers  leads  to  the  production  of  9  :  lO-dichwro- 
phenanthrene^  needles^  m.p.  160*^-161°  (J.  Schmidt 
and  Ladner,  Ber.  1904, 37, 4403),  and  of  2  :  9  :  10- 
trichloTophenanihreney  needles,  m.p.  123**-124° 
(Schmidt  and  Schall,  ibid.  1906,  39,  3892). 

(3)  With  bromine  in  the  cold  it  forms  the 
dibromide,  prisms,  m.p.  98%  which,  heated  at  its 
melting  point,  or  witn  water,  decomposes  into 
9  {\0)-bromophenanthrenCf  prisms,  m.p.  63**  (Fit- 
tig and  Ostermaver,  Annalen,  1873,  166,  363; 
Havduck,  I.e.;  *Zetter,»  Ber.  1878,  11,  166; 
Austin,  Chem.  Soc.  Trans.  1908.  93,  1763). 
Bromination  in  lx)iling  chIon)form  solution  leads 
to  the  formation  of  3:9-  (or  10)-dihromophenan- 
threne.  needles,  m.p.  146°  (Schmidt  and  ladner, 
Ber.  1904,  37,  3577)  from  phenanthrene,  but  of 
2  :  l-dibfomophenanthrene^  needles,  m.p.  199°- 
200°,  from  a-tetrahydropheiianthn-ne  (S<hmidt 
and  Mezger,  ibid.  1907,  40,  4562). 

(4)  B3'  nitric  acid,  it  is  converted  into  nitro 
derivati\-e8  like  naphthalene  and  notoxidihod  to 
quinone  like  anthitioene. 

Conttituiion  and  syntheses. — The  structural 
formula  assigniKl  to  phenanthrene  at  the  head  of 
this  article  was  adopted  orip:inaIly  to  exhibit  the 
relationship  existing  Ix'tween  the  hydrocarbon 
and  diphenic  acid,  its  oxidation  product  (Fittig 
and  Ostermaver,  I.e.  ;  Schultz,  Annalen,  1879, 
196,  1  ;  1880.*  203.  95),  or  i>hthalie  aeid  (c/.  An- 
schiitz  and  Japp,  Ber.  1878.  11.  211).  It  has 
been  confirmed  by  several  syntheses,  from  among 
which  three  may  bo  selected  for  reference  as 
establishing  the  presence  of  specific  radicles  or 
linkings  : — 

(i.)  Relationship   to    ethylene :     Production 

*  Zetter.  also,  has  described  two  dibromophenan- 
threnat,  but  one  of  them — the  ^-compound — is  now 
known  to  be  /l-dibromofluoreno  (Werner  and  Kgger, 
Ber.  1904,  87.  3027). 


>  of  phenanthrene  by  distilling  phenanthrene-9- 
carboxylic  acid  obtained  by  the  interaction  of 
iliazotised  a-phenyl-o-aminocinnamic   acid   aD<l 
<*opper  powder  (Psohorr,  Ber.  1896,  29,  496). 
CO,H  CO,H 

'   I       I 


k 


/ 


SO4H 


H:CH 


j  (ii.)  ReUtionship  to  diphenyl :  Production 
of  phenanthrene  by  debrominating  cMM*'«*'-tetra- 

I  bromo-2  :  2'-ditolvl  by  means  of  scxlium  (Keiiner 
and  Turner,  Chem.  Sbc.  Trans.  1911,  99,  2112). 

:HBr,    Br,CH> 


(iii.)  Relationahip  to  naphthalene  :  Produc- 
tion of  4-hydroxypnenanthrene  by  heating  3- 
naphthyli^ocrotonic  acid,  prepared  from  /3- 
naphthaldehyde  by  the  Perkin  reaction  (Ludci^ig, 
Aimalen,  1911,  379,  361).» 
H, 

'^^'^Y  HO^ 

1  II  I    -*  r  II   I 

Pschorr*s  method  has  proved  to  be  of  wide 
application  in  the  synthesis  of  phenanthrene 
derivatives  of  known  constitution  from  substi- 
tuted a-phenyl-o-aminocinnamic  acids,  and, 
coupled  >vith  the  investigations  of  Vongerichten 
and  of  Knorr.  has  made  it  iK>8sible  for  the  relation- 
ship between  phenanthrene  an<l  the  morphine 
group  of  opium  alkaloids  to  be  elucidated. 

Chemical  activity  in  the  phenanthrene 
molecule  is  manifested  chiefly  at  the  ethylenic 
double  linking,  shown  between  carbon  atoms 
numlKTcd  9  and  10  in  the  formula  at  the  head 
of  this  article.  Here  the  addition  of  hydro^n 
and  bromine  takes  place,  here  oxidation  leadmg 
to  the  production  of  phcnanthra quinone  occurs, 
and  here  disruption  of  the  molecule  follows 
when  more  powerful  oxidising  agents  are  used — 
as  in  the  formation  of  diphenic  acid.  For  the 
purjjose  of  determining  orientation  in  the  phenan- 
threne molecule,  oxidation  to  diphenic  acid  is 
important,  as — when  substituents  occur  in 
positions  other  than  9  or  10  or  9  and  10 — they 
are  found  in  corresiwnding  positions  in  the 
resulting  diphenic  acids. 

Phenanthrene  has  little  value  in  technical 
chemistry,  but  its  relationship  to  some  of 
the  alkaloids  of  opium  and  of  Corr/dalis  ia 
of  much  interest.  These  alkaloids  are  me- 
thoxv    or    livdroxv    derivatives    of    tetra-    or 

>  Although  phenanthrene  can  be  Rynthcsised  from 

naphthalene,    the    reverse    o])eration    has    not    been 

I  accomplished,  the  lateral  rings  remaining  intact  until 

'  the  middle  ring  hoH  l>een  broken  down  by  nxidiufng 

<  agents. 
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NlTBOPHKNAlTTHBEHSS. 

Of  the  five  nitrophcnanthrenes  the  l-iso- 
mciide  ha^  not  yet  been  prepared  (J.  Schmidt 
and  Heinle,  Ber.  1911,  44,  1490). 

Earlier  work  on  the  nitration  of  phenanthn^ne 
with  a  large  excess  of  fuming  nitric  acid  led  to 
the  isolation  of  three  compounds,  termed  a- 
(m.p.  73*»-76°),  $-  (m.p.  126*'-127°),  and  y 
(m.p.  170**-171°)  nitrophenanthrenes  (G.  A. 
Schmidt,  Ber.  1879,  12,  1153).  It  has  been 
shown  that  of  these  compounds  the  a-  and  y- 
are  identical  respectively  with  4-  and  3-nitro- 
phenanthrenes,  but  that  the  /3-compound  is  a 
nitro  derivative  not  of  phenanthrene,  but  of 
fluorene,  which  accompanies  this  hydrocarbon 
in  coal-tar  (J.  Schmidt  and  Heinle,  ^.c). 

For  the  production  of  nitrophenanthrenes  J. 
Schmidt  has  employed  two  methods.  In  one, 
nitration  is  effected  by  nitric  acid  (sp.gr.  1*45) 
in  presence  of  a  mixture  of  acetic  acid  and  acetic 
annydride,  leading  to  the  formation  of  the  four 
iBomerides.  A  summary  of  the  properties  and 
yields  of  these  substances,  as  recorded  by  J. 
Schmidt  and  Heinle,  is  given  in  the  tabic — 


Pschorr  and  Schriiter,  Ber.  1902,  36,  2728),  or 
ammonio-calcium  chloride,  or — for  the  acetyl 
compound — ammonium  chloride,  so<lium  acetate, 
and  acetic  acid  (WVmcr  and  Kiuiz,  Ber.  1901, 
34,  2525). 

(iii.)  Conversion  of  the  earboxylic  acid 
successively  into  the  hydrazide,  azide,  and 
urethane,  which  is  then  heated  with  ammonia 
(Pschorr  and  Schroter,  l.c, ;  Pschorr,  Einbeck, 
and  Spangenberjg,  Ber.  1907.  40,  2000). 

The  crystalline  character  and  m.p.  of  each 
base  and  the  m.p.  of  its  acetyl  and  benzoyl 
derivatives  are  given  in  the  table — 


Base 


Acetyl 


2- 
3-a- 

^- 

4- 

0-a- 


crystals,    85*  |     226'-226» 

leaflets,  148'*  ,  <  oooo-sni^a 

leaflets,    ST'S"  1 1  ^^    ^^  ^ 
needles,  105^  lOO** 

crystals,  104*       f  ^^  ^^  • 


Benzoyl 


218''-214*^ 
224" 
190"a 


NO 


Yield 
*  (approx.) 


2- 
8-» 
4- 

9- 


I 


20p.o. 

2  P.O. 

20p.c. 

60p.c. 


Crystallisation 
from  alcohol 


pale  yellow 

rosettes 

deep  yellow 

needles 

reddish  yellow 

needles 

orange  yellow 

needles 


nV-llV  '    none 


80'-82« 


none 


116--117*  lOS^-OO 


In  the  second  method  use  is  made  of  one  of  i 
the  two  additive  compounds  which  phenanthrene, 
dissolved  in  benzene,  forms  with  the  nitrous  gas 
obtained  by  the  interaction  of  nitric  acid  and 
arsenious  oxide.  This  substance,  nitrodihydro- 
phenanthrene  oxide  (m.p.  154°-155''),  is  con- 
verted by  sodium  mcthoxide  into  9-iutro- 
phenanthrene  (J.  Schmidt,  Ber.  1910,  33,  3257) :  ; 


CgH^CH 

I 


I      r      ">2r    •  II         +H,0 
C.H4-C-N0,      ■ 


C.H4-CH(N0,)  (NO,)CHC.H4 

Corresponding  with  this  9-nitro  derivative,  9- 
m'/ro-9 :  lO-dihydropJienanthrene,  a  yellow  crys- 
t4&lline  compound,  decomposing  at  100°,  is 
obtaine<l  on  mixing  phenanthrene  in  dry  powder 
with  the  liquefieil  nitrous  gas  (J.  Schmidt, 
D.  R..P.  129990  of  1901). 

Am  IKOPHENANTHBEKES. 

Four  amino  phenanthrenes  (phenanthryl- 
smines)  are  kno\\7i  corresponding  in  orientation 
with  the  nitrophenanthrenes.  Three  methods 
have  been  used  for  their  preparation  : — 

(i.)  Reduction  of  the  nitro  compound  by 
alcoholic  ammonium  sulphide  (G.  A.  Schmidt, 
Ber.  1879,  12,  1156),  or  stannous  chloride  and 
hydrochloric  acid  (J.  Schnii<it  and  Strobel, 
ibid,  1901,  34,  1464),  or  zinc  dust  and  alcoholic 
ammonia  (J.  Schmidt  and  Heinle,  ibid.  1911,  44, 
1498). 

(ii.)  Heating  the  hydroxy  conijxjund  at 
temperatures  above  200^  with  ammonia  (Japp 
and  Findlay,  Chem.  Soc.  Trans.  1897,  71,  1123 ; 

*  3-lCltiophenanthrene  is  obtained  in  better  yield 
by  niCraUng  pbenantlirene  with  nitric  acid  of  Hp.gr.  : 
1*66  at  OP(J.  Schmidt  and  Heinle,  I.e.). 


As  shoMn  in  the  table,  3-aminophenanthrene 
(Werner  and  Kunz,  Lc, ;  Werner,  Annalen, 
1902,  321,  312 ;  c/.  J.  Schmidt  and  Sauer,  Ber. 
1911,  44,  3247)  and  9-aminophcnanthrenc  (J. 
Schmidt  and  Heinle,  I.e.)  exist  in  two  forms — 
one  stable,  the  other  labile  and  convertible  into 
it  by  being  heated  or  kept  for  some  time  or 
acetylated.  Both  forms  of  each  compound  give 
the  same  acetyl  or  benzoyl  derivative,  from 
which  by  hydrolysis  the  stable  form  of  the  base 
(indicated  by  the*  Greek  letter)  is  obtained.  The 
nature  of  the  ibomerism  has  not  been  established, 
but  it  has  been  attributed  to  rearrangement  of 
the  linkings  in  the  x^henanthrene  molecule  in 
view  of  the  fact  that  the  two  forms  of  the  9- 
isomeride  have  the  same  molecular  weight 
(J.  Schmidt  and  Heinle,  I.e.). 

Diazotisation  of  /3-3-aminophenanthrene  (J. 
Schmidt,  Ber.  1901,  34,  3534;  cf.  Werner  and 
Kunz,  I.e.),  and  of  9-amin()phenanthrene  * 
(J.  Schmidt  and  StroU-l,  Ber.  1903.  36,  2517) 
has  been  effected — in  the  latter  case  >\ith  the 
'  accomjxanj'ing  production  of  azoxy  and  azo 
;  comiKiunds.  But  difficulty  has  been  ex^KTienced 
in  uiazotising  2-aminopnenanthrene  (Werner 
and  Kunz,  I.e.),  although  2-amino-  (like  8-amino-) 
phenanthrene-9-carboxj'lic  acid  forms  a  diazo 
comi)ound  apparently  with  ease  (Pschorr,  Ber. 
1906.39,3121). 

The  oxime  and  dioxime  of  phenanthra- 
quinone,  on  reduction  with  stannous  chloride, 
yield  9  :  lO-aminohydroxyphenanthrene  (Vahlen's 
*  morphigenine,'  cf.  D.  P.  Anm.  V.  3840  of 
'  1902  ;  Bit.  1902,  35,  3044)  and  9  :  lO-diamino- 
phenanthrene  n.\M|)0ctivel3'  (Pschorr  and  Schroter, 
ibid.  3733).  The  former,  when  heated  with 
water  or  dilute  acid,  is  converted  into  9-aminO' 
phetmnthrcnc  {Schmidt,  D.  R.-P.  141422  of  1902). 

H  Y  DBOX  YFHEN  A}«  THRENE8. 

The  hy<lroxy  derivatives  of  phenanthrene 
(phena  iit  hrols)  have  been  investigated  largely 
as  a  consequence  of  the  relationship  which 
has  l)een  established  between  them,  and  cer- 
tain of  the  opium  and  Corydalis  alkaloids. 
In  many  cases  the  constitution  of  the  hydroxy- 

'  The  presence  of  two  forms  of  the  Q-isonieride  in 
the  rediictiun  product  of  9-nitrophcnanthrenc  was  not 
recognised  until  later  (J.  Schmidt  and  lleinle.  I.e.), 
and  there  is  no  information  to  show  whether  both 
forms,  or  only  the  a-derivative  can  be  diaiotised. 


ho 
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phcnanthrenes  has  been  determined  by  Pschorr'a 
synthetical  method,  which  has  shown  itself  to 
be  of  the  first  importance  in  the  study  of  the 
<h'gra<iation  products  of  these  alkaloids.  In 
others,  the  constitution  assigned  depends  on 
that  of  the  sulphonic  acids,  from  which  some  of 


the  hydroxy  derivatives  have  been  obtained  by 
fusion  with  caustic  alkali  (c/.  Werner,  Annaleu, 
1902,  321,  276).  The  constitution,  crysUUine 
character,  and  melting-point  of  the  hydroxy- 
phcnanthrenes  and  of  their  ethers  are  given  in 
the  table : — 


OH  in 


9(10) 


2:3 


3:4 


9:10 


3:4:5 


3:4:6 


3:4:8 


Hydroxyphenanthrenes  and  their  ethers. 


Has  not  been  isolated. 

Methyl  ether,  needles,  m.p.  lOS'^-KMS" ;  gives  pierote,  needles, 
m.p.  158*. 

Forms  scales,  m.p.  160** ;   couples  with  diazotised  bases ; 

gives  acetaU,  needles,  m.p.  142^-143*,  and  btnxoaU,  leaflets, 

m.p.  189*-140'*. 
Methyl  elA^,  leaflets,  m.p.  100^-101";  gives  jnerate,  needles, 

m.p.  124*. 
Bthyl  ether,  leaflets,  m.p.  112*. 

Forms  needles,  m.p.  122*-123* ;  couples  with  diazotised 
bases ;  gives  pterate,  m.p.  159*,  acetate,  plates,  m.p. 
115*-116^,  and  l>€moaU,  needles,  m.p.  119*. 

Methyl  ether,  plates,  m.p.  63* ;  gives  imrrate,  red  needles,  m.p. 
124-6*. 

Ethyl  ether,  m.p.  46*. 

Crystalline,  m.p.  106*-109*;  gives  acetate,   leaflets,  m.p. 

58*-59*. 
Methyl  ether,  leaflets,  m.p.  68* ;  gives  picrate,  red  needles,  m.p. 

187*-188'^. 

Forms  large  needles^  m.p.  152*-153* :  couples  with  diazotised 
bases ;  gives  pterate,  red  needles,  m.p.  183*,  acetate, 
needles.  m.p.  77*,  and  bemoate,  needles,  m.p.  96°-97*. 

Methyl  ether,  needles,  m.p.  96*-97*. 


Beferenoes. 


3:4:9 
(or  10) 


1:3:5:6 


Has  not  been  isolated. 

Dimethyl  ether,  leaflets,  m.p.  131* ;  gives  pierate,  needles, 
127*-128*. 

Morphol,  forms   long  needles,  m.p.  143*;   gives    di- 

aeetate,  needles,  m.p.  159*. 
Z-Methyl  ether,  needles,  m.p.  65*  ;  gives  pierate,  red  needles, 

m.p.  150*,  and  acetate,  needles,  m.p.  131*. 
^Methyl  ether,  oML]  gives  ac«tate,  needles,  m.p.  93*-94*.  i 

Dimethyl  ether,  leaflets,  m.p.  44*;  gives  red  pierate,  m.p. 

105*-106*,  and  dibnymide ,  m.p.  123*. 


Forms  needles,  m.p.  146*  ;  gives  monoacetate,  needles,  m.p. 
168*-170* ;  diacetate,  flat  prisms,  m.p.  202«,  and  dibenzoaU 
m.p.  230*-231*. 


Forms  scales,  m.p.  148*. 

Trimethyl  ether,  m.p.  90* ;  gives  pierate,  brown  scales  or 
needles,  m.p.  167  . 

Has  not  been  isolated. 

Z-Methyl  ether,  oil;  gives  diacetate,  m.p.  162*-163^. 

3  :  Q- Dimethyl  ether  (t  h  e  b  a  o  1),  m.p.  94* ;  gives  acetate, 

m.p.  118*-120*. 
Trimethyl  ether,  oil ;  gives  picraU,  m.p.  109*-110*. 


Has  not  been  isolated. 

8-Methyl  ether:  diacetate,  m.p.  155*-156*. 

8 :  A-Dimethyl  ether,  prisms,  m.p.  182*-183*. 

4  :S-Dimethylether  (a-yl,'theh  A  ol),  leafleto,m.p.  164*-165*; 

gives  acetate,  prisms,  m.p.  96*-97*. 
Trimethyl  ether,  leaflets,   m.p.   138*  ;    gives  picrate,  red 

needles,  m.p.  129*,  and  dibromide,  needles,  m.p.  139*-140*. 
3  :  A'Dimethyl'S-ethyl  ether,  leaflets,  m.p.  100*  ;  gives  picrate, 

red  needles,  m.p.  119*. 

Has  not  been  isolated. 

3-Methyl  ether ;  diacetate,  needles,  m.p.  202*-204*. 

3:5:  6-Trimethyl  ether,  no  description  given. 
Tetramethyl  ether,  needles,  m.p.  108*-109*    gives  picrate,  red 
needles,  m.p.  147*-148*. 


Pschorr,  Wolfes  and  Buckow  (Ber. 
1900,  33, 162). 


Werner  and  Kunz  (Ber.  1901,  34, 
2524):  Pschorr  and  Klein  (t&td., 
4005);  Werner  and  Bekner 
(Annalen  1902,  321,  805) :  Hen- 
stock  (Chem.  Soc.  Trans.  1906, 89, 
1528). 

Pschorr,  Wolfes  and  Buckow  (l.c,) ; 
Pschorr  and  Sumuleanu  (Bfff. 
1900,  33,  1821);  Werner  and 
Kunz  (l.c.) ;  Schmidt  (Ber.  1901, 
34,3535);  Pschorr  (i^u2.  4006). 


Pschorr  and  Jaeckel  (Ber.  1900,  83, 
1826) ;  Ludewig  (Annalen,  1911, 
879,  361). 


Japp  and  Findlay  (Chem.  Soc. 
Trans.,  1897,  71,  1115) ;  Werner 
and  Frey  (Annalen,  1902,  321, 
298);  Pschorr  and  Schr^ter 
(Ber.  1902,  35,  2728). 

Pschorr  and  Buckow  (Ber.  1900, 38, 
1829). 


Fischer  and  Vongerichten  (Ber. 
1886,  19,  793);  Knorr  (ibid. 
1892,  25,  1147  ;  1894,  27,  1148) ; 
Pschorr  and  Sumuleanu  (ib^. 
1900,  33,  1819,  1823);  Vonge- 
richten (ibid.  352,  1825) ;  Knorr 
(ibid.  1904,  37,  3497);  Knorr 
and  Pschorr  (ibid.  1905, 88, 8178); 
Pschorr  and  Dickh&user  (Annalen, 
1910,  373,  81). 

Graebe  (Annalen.  1873,  167,  146) ; 
Japp  and  Klingemann  (Chem.  Soc. 
Trans.  1893,  63.  771);  Pschorr 
(Ber.  1902,  35,  2736,  8124). 
Knesch  (D.  It.-P.  151981  of  1908. 

Vongerichten  (Ber.  1906,  39, 1720); 
Pschorr  and  Koch  (Annalen, 
1912,  391,  54). 

Freund  (Ber.  1897,  30,  1389); 
Pschorr,  Seydel  ana  Stdhrer  (ibtd. 
1902,  35,  4406);  Vongerichten 
(ibid.  4411) ;  Knorr  (ibtd.  1904, 
37,  3499) ;  Pschorr  and  Bettberg 
(Annalen,  1910,  378,  66). 

Pschorr  (Ber.  1900, 33, 183);  Pschorr 
Einbeck  and  Spangenberg  (Ber. 
1907,  40.  2000);  Pschorr  and 
Busch  (ibid.  2001) :  Knorr  and 
Uoerleiu  (ibid.  2039);  Pschorr 
and  Loewen  (Annalen,  1910,  878, 
73) ;  Pschorr  and  Zeidler  (iMd.75). 


Knorr  and  Schneider  (Ber.  1906, 89, 
1420) ;  Pschorr,  Kuhtz  and  Roth 
(ibid.  3137). 

Pschorr  and  Bettberg  (I.e.) ;  Pschorr  j 
and  Knoeffler  (Annalen,  1911, 882,  | 
50. 


Among   these   hydroxyphenanthrcnes   IIutc 
are  several,  about  which  the  information  given 


in  the  table  needs  to  1k'  supi)lemented  to  make 
dear  their  pruix^rties  antl  relationships. 
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9-  (or  10-)  Hydroxyphenantbrene,  also  known  ccnce,and  does  not  couple  with  diazotised  bases, 

as  ph  en  an  throne,  affordH  an  example  of  keto-  On  reduction  it  yieldtt  morphcl  (Vongerichten, 

eoolic   isomerism   in   the   phenanthrene   series.  13er.  1899,  32,  1522). 

It  can  be  obtaine<l  from  phenanthraquinone  by  Its  methyl  ether  fornw  nw?<llc.s,  in. p.  liG**  (r/. 

[lartial  reduction  xnih.  hydriodic  acid  (Japp  and  ,  Knorr,  lier.  1889,  22,  184;    Vongerichten,  ibtd. 

Klingemann,  Cheni.  Soc.  Trans.  1893,  63.  770),  '  1898,  31,   54;     11HX>,   33,  358;    Schryver  and 

or  from  tUchlorophenanthrone  by  re<iuction  vith  Lees,  Chem.  Soc.  Trans.  1901,  79,  578) ;  acetate^ 

in>n  and  acetic  acid  (I^chowicz,  J.  pr.  Chem.  needles,  m.p.  140® ;  and  henzoatc^  needles,   m.p. 

1883,  [ii.]  28,  168),  and  is  therefor©  a  ketone  123°  (Von^jjerichten,  /.c). 

C.H^-CO        C.H^-CH,        C,H4<X;U  3 : 4 : 6-Trihvdroxyphenanthrene.  The 

— >             I       <—  I  3-me/Ayi  e^Aer  is  obtained  from  oodeInone(Knorr, 

C,H4<X)         C.H^-CO           C.H^KX)  Ber.     1903,    30,    3074),    and    from    cudelnono 

But  its  formation  from  phenanthrene.9.8ulphonic  ^'l^JV^ff  (Kiiorr,  ibid.   1904,  37.  3601).     The 

acid  bv  fusion  with  caustic  alkali,  its  solubility  ^^^^dimethyl  ether  ot  thel»ol  r^ulte  from  boding 

in  alkili.  and    its  conversion  into  an  ortho-Bi^  Yt^^^^l  ^JL?*^^^  anhydnde  (Fremid,  Bcr. 

compound     {phenanthraqvinonehydrazone,     m.p.  1^7,  30,   1386),  and   the  <nfn€iAyi  e<A«f  when 

165°)  bv  coupling  with  diazotise<l  aniline  (Werner  t^«  ^""^^  ^^  p^*^  S-carboxyho  acid  obtaimd 

and  Fi^v,  Annalen,  1902,  321,  298),  show  it  to  f Ji>™  mc.rphotheKalne.  is  dccompo^^  by  heat 

be  phenolic  under  other  conditions.  (Pschorr  and  Rettberg,  Annalen,  1910,  3i3,  66). 

3:4:8-Trih^droxyphenanthrene.   The 

Hydroxyphtnanthrtnea  from  opium  alkaloids.  ^-methyl  ether    is    formed    from    t|^-wo-codeIne 

The    degradation  of    opium  alkaloids    into  S?«^*^^^®  ^^'^^^  *?^  Hoertein,  Ber.  1907,  40, 

nitrogen  compounds  containing  relatively  few  2039,  3360) ;    and  the  trtmeihyl  ether  from  the 

carbon  atoms  and  into  derivatives  of  hydroxy-  i  f-carboxyhc    acid    obtained    from    thebemne 

phenanthrene    free    from    nitrogen,    has    been  (Pschorr  and  lx»wen,Aimiaen,  1910.  373,  71). 

accomplished  by  Hofmann's  method  of  exhaus-  ,^  ^  '   ^  '  Jr  ^?^    10-)Trihydroxyphenan- 

tivo  methvlation  (Ber.  1881,  14,  494,  603).  the  t^rene.     The  diocetote  of  the  S-methyl  e^ 

products  *  being     decomposed     by     hydrogen  ^*0'™e^7S®?   *^^'^5^°'®fe^®«7*TS^** 

chloride  (Knorf,  ibid.   1894,  27,   1147)'.  acetic  (Knorr  and  Schneider,  Ber.  1906,  39,  1420)  or 

anhydride  (Fischer  and  Vongerichten,  ibid.  1886,  dichloromethylmornhimethine     (Pschorr.     ib%d. 

19, '792),    heat   (Schrotter   and    Vongerichten,  3137)  is  heated  with  acetic  anhydnde. 

ibid.  1882,  16,  1485),  or  hot  caustic  soda  solution  f;,,,,7i.«^-^-^w«i.^««#j.*^^. 

( Fn^und,  ibid.  1897  30,  1379).     A  list  of  decom-  j         ^        .  V^^yif^ydroxyphe^rUhrenes. 

pwition  products  of  this  type  is  given  by  Knorr  '  ,  ,.^  Pnmary  products  of  the  Hofmann  demra- 

ind  Pschorr,  Ber.  1905,  38r3174.     The  foUow-  ^^V^^.u""  ,  "if '^''"'  ''?*"?'  ^!i^   Coryda/w   alka- 

ing  summary  indicates  the  sources  of  the  more  i^>^»  *^®  foUmnng  vrnvlmethoxj^henanthrenes 

important  nitrogen-free  degradation  products  of  ^^^®  ^°  obtained,  which  on  oxidation  yield 

opium  and  Caryrfci/i.  alkaloids.  ^^^     corre^wnding     methoxyphenanthrenecar- 

3  : 4.DUiydroxypheiianthrene  or  morphol  is  i>oxyiic  aoi<^.  ^   q  .  •    ,r        .        .r         . 

formed  when   acetylmorphine    raethiodide   and  ^\*nyl-3  : 4  :  S-tntnethoxypheMn^^^^^^ 

iUZ^methyl ether  when  acctylcodtlne  methiodide  thebemne    forms  tablets^ m  p.  122-6°  ;   7>.cf ate, 

are  heated  with  acetic  anhydride  (Fischer  and  \f^  ^Hf.^'o^'&^ii?    <J>^^2"   *^^  Massacau, 

Vongerichten,  Ber.  1886,  19,  792  ;   Knorr,  ibid.  ^^''  ^^*  ^7,  2.89).     The  S-eiAory  derivative 

1889,  22,  181,  1113;    Vongerichten.  ibid.  1896.  ,  *5»"»«  P^^^JJ^l, '^'P'    't    (Pschorr  and  Loewen, 

29.  65  ;    1897.  30.  2439),  or  morphenol  methyl  ^^^^^f.^*   ,  o   ^    ,•     .1'        r         .r               / 

ether  i.s  re<luced  by  sodium  and  alcohol  ( Vonge-  ^' '  •'i^^^  '  4-d%meihoxyphenanthrene,      from 

richtenandDittmer.t6i(f.  1906.39.  1719).     5v  ^/^morphine,    forms     rhombic     pnsms,    nup. 

the  degradation   of   apomorphine  the   dimethyl  f   \^'^'^' V^'^t  ""^^l ^iF' }^V^T'^''"/ 

ether  of  morpholS-carboxylic  arid  has  Ixen  ob-  ^^^^^^  \"^  TfJi^^'on^o^'oi?^^'  ^'  ^^^^  '    ''^' 

tained.  convertible  into  morphol  dimethvl  ether  ^^^7;  '^fl:  V^  ^,^.®'  ^^24). 

(Pschorr,    Jaeckel   and    Fecfit.    Ber.    1902,    35,  ^- ynyl-^  :4 :  i^•tr^methoxyphenarUhre^  ttom 

4392  ;   Pschorr.  EinU^ck  and  Spinp-nlnrg,  ibid,  raorphothebalue,  forms  pnsms,  m.p.   50°-61«  j 

1907  40   1998)  ptcrate,  reddish- \iolet  needles,  m.p.   125°-126** 

Morphenol  *(3-hydroxy  -  4  :  5-phenanthrylene  ^^r^ff»l^"°^^"\^'^\^^^'5?'o^^«^J/  ^^^°" 

";„     oxide)  is  th/  internal  anhv<iride  of  and  ReUbe^.  Annalen   1910,  373,  ^). 

OH     3:4:rytrihydroxyphrnauthrim,  int<»  ,  «- » ;«y^3  :  4-(/im€/^.6  :  Q-meihylenedtaey- 

which  it  is  converted  by  fusi(.n  with  P^^^^rene,  from  bulbocapn me,  forms  yeUow 

caustic    alkali    (Vonj^eVieluen    and  needles,  m.p.  101°  (Gadamer  and  Kuntze,  Arch. 

Dittmer,  Ber.  1906,  39.  1718)  ^*^™-  ^^^^^  249,  030). 

O  :  C14H7OH+H2O  Phenanthkknkcakboxylic  Acids. 

"^  C  i^il  7(0H  )3.  PhenanthrenecarboxyHc  acids  have  been  pro- 
It  is  obtained  from  )3-n>ethyhnorphiniethino  pared  by  hydrolysis  of  the  nitriles  obtained  from 
raethiodide  (Vongerichten,  Ber.  1898.  31,  54  ;  the  three  phenanthrenesulphonic  acids  t.n  dis- 
1901.  34,  2722).  or  from  morphine  without  the  tillation  with  potassium  cvanide  or  ferrocyanide 
isolation  of  the  morphimethine  (Vongerithten,  (Schultz  and  Japp,  Ber.  1877,  10,  1661;  Japp, 
ibid,  1900,33,358);  or  from  morphenol  methyl  Chem.  80c.  Trans,  1880.  37,  83;  Werner  and 
ether  by  demethylation  with  hydriodic  acid  Kunz,  Annalen,  1902,  322,  323).  Synthetically 
(Vongerichten.  f6iVf.  1898,31,3202).  It  forms  Pschorr  has  obtained  the  9-carboxylio  acid  (l^r. 
needle8,m.p.l45^givesnocolou^atiot^inahoh(.lic  1806,  29,  490),  and  the  8  :  9-dicarboxylio  acid, 
solution  with  ferric  chloride,  ilissolvcs  in  caustic  the  latter  of  which  readily  forms  a  well-crystal- 
soda,  giving  a  yellow  solution  with  blue  Uuores-  lised  anhydride  (m-p.  283*'-284°),  and  exhibits 
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the  behaviour  of  a  naphthalene  pert-  derivative 
(ibid,  1906,  39,  3107). 

rhennnthreno  -  2  -  carboxylic  acid, 
needles,  m.p.  264®  ;  nitrile,  granules,  m.p.  105®  ; 
forms  phmdrUhraquiiume'2-carhoxylie  acid  on 
oxidation. 

^  Phcnanthrene-3-carboxylio  acid  ([a-] 
add),  aoales,  m.pu  269®,  forms  the  barium  salt, 
BaA^7HtO,  sparingly  soluble  needles ;  sodium 
salt,  NaA,4H,0,  easdy  soluble  scales ;  amide, 
scales,  m.p.  227®-228^;  nOrOe,  needles,  m.p. 
102®  •  and  yields  pherumthraquinone-^<arboxylie 
add  on  oxidation. 

Phenanthrene-9-(10-)oarboxvlic  acid 
([fi-]  acid),  needles,  uld.  250®-262%  gives  the 
barium  salt  BaA„6H,0,  sparingly  soluble 
tablets ;  dodium  salt,  NaA,5HtO,  eudy  soluble 
rhombio  tablets;  amide,  needles,  m.p.  226®; 
nitrite,  needles,  m.p.  103® ;  and  yidds  phenan- 
tknquinone  on  oxidation. 

HYDBOXYFHEKAinnRENECARBOXYLIC  AciDS. 

Hydroxyphenanthreneoarboxylic  adds  have 
been  obtained  (a)  from  hydroxyphenanthrenes 
by  the  Kolbe  method  with  carbon  dioxide ; 
(6)  from  alkaloids  by  oxidation  of  vinylhydroxy- 
phenanthrenes ;  (e)  synthetically  by  Pschorr's 
method  from  substituted  dnnamio  adds.  As 
will  be  seen  from  the  following  summary,  in 
few  oases  only  have  salts  been  anSysed,  or  esters 
deaoribed. 

(i)  Hvdroxyphenanthrenecarboxylic  adds, 

2 :  3  (?).  YeUow  needles,  m.p.  277"  (decomp.) ;  aeetais, 
needles,  m.p.  210*  (Werner  and  Kunx,  Ber.  liK)2, 
85.  4425) ;   methyl  ester,  needles,  m.p.  126^ 

2:9  Prisms,  m.p.  278**:  acHate,  plates,  m.p.  223'' 
(Pschorr  and  Qoade,  Ber.  1006.  30,  3123). 

3 :  2  (?)  YeUow  prisms,  m.p.  303'*  (decomp.) ;  acetate, 
needles,  m^.  207''-208'' :  inKAyl  ester,  needles, 
m.p.  171*  (Werner  and  Kuni.  I.e.). 

(li)  Methoxyphenanthrenecarboxylic      acids, 
rOMe :  COjHJ. 
2 :  9  Colourless  needles,  m.p.  228*  (Pschorr,  Ber.  1001, 

34.  4002).  ' 

4:9  xVedlw.'  m.p.  224*  (Pschorr  and  Jaeckel,  Ber. 

1900   33    182<). 
I  :  10  YeUow  leaileU,  m.p.  215''  (P^horr,  WoUes  and 

Bnckow,  Ber.  lOtX),  33.  169). 
3:10  Needles,  m.p.  230*  (ibid.  174). 

(ill)  Hydroxymethoxyphenanthrenecarboxylic 
adds,  [OH  :  OMe  :  COsHJ. 
3:4:9  Needles,  m.p.  214*-216*  (Pschorr  and  Soma- 

leann.  Ber.  1000,  33,  1822). 
4:3:9  Needles,  m j>.  264*  :  aettate,  m.p.  244*  (Pschorr 

and  Vogtherr.  Ber.  1002,  35,  4414). 

(W)  Dtmethoxyphenanthrenecarboxylie  adds, 
rOMe  :  OMe :  COsH]. 
2:3:9  Needles,  m.p.  270*  (Pschorr  and  Bnckow,  Ber. 

1000,  33,  1830). 
3:4:8  Yellow  needles,  m.p.  106*  :  etkyl  ester,  prisms, 

m.p.  81*-«3* ;   h^draside,  needles,  m.p.  104*-105* 

(Pschorr,  Jaeckel  and  Fecht,  Ber.  1002,  35,  4302 ; 

Pschorr,  Kinbeck  and    Spangenberg,  ibid,  1007, 

40.  1090). 
3:4:9  Needles,  m.p.  227*-228*  (Pschorr  and  Sumu- 

leann.  Ber.  1000.  33.  1810). 

vv^    HydroxydlmethoxyphenanUiFenecarbox- 
vile  adds.  [OH  :  OMe :  OMe  :  CO.HI. 
3:4:8:9  Six-sided  plates,  m.p.  231^ :  <uxte<<.  prisms. 

m.p.  220'-227*  (Pschorr.  Ber.  1900.  33.  180). 
4:3:6:9    Leaflets,    m.p.   254^-256*' ;   oeHaie,  m.p. 

201  "-203*    (Pschorr.    Seydel    and    8tdhrer,    Ber. 

1002.  35,  4409). 
8:3:4:9    Needles :    laOone,    needles,    m.p.     160- 

(PschoiT  and  Popovici.  Ber.  1906,  30,  3120). 

(vl^  Trlmethoxyphenanthreneeartwxy  lie  adds, 
[OMe  :  OMe :  OMe  :  COjH:. 
3:4:5:9   Prism.*,  m.p.  234-235*  (Psch*>rr,  Zeidler 

and  IHckhiu^ier.  Annalen,  1912,  391.  47  ;  l^schorr 

and  Koch,  ibid.  53). 


\/ 


3:4:6:8  Needles,  m.p.  201* ;  methyl  ester,  needles, 
m.p.  101°-102*  :  ethyl  ester,  leaflets,  m.p.  83*-84* 
(Knorr  and  Pschorr,  Ber.  1905,  38,  3168 ;  Pschorr 
and  Rettberg,  Annalen,  1910,  373,  51). 

3:4:6:9  Yellow  needles,  m.p.  203*  (Pschorr,  Seydel 
and  8t<>hrer,  Ber.  1002,  35,  4406). 

3:4:7:9  Needles,  m.p.  214*  (Pschorr,  Zeidler  and 
Dickh&oser,  l.e.). 

3:4:8:5  Needles,  m.p.  224*-226*  (Pschorr  and 
Massaciu,  Ber.  1904,  37,  2700;  Pschorr  and 
Loewen,  Annalen,  1010,  373.  70).  The  S-ethoxy 
acid  forms  needles,  m.p.  101^. 

3:4:8:9  Leaflets,  m.p.  250*  (Pschorr  and  Bosch, 

Ber.   1007,  40,  2003).    The  8-«IAodty  acid  forms 

leaflets,  m.p.  265*  (Pschorr  and  Zeidler,  Annalen, 

1010,  378.  78). 

(vli),3 : 4-Dimethoxy-5 : 6-methylenedloxyphen- 

anthrene-8-earboxylie    add,    needles,  m.p.  228* 

(Gadamer  and  Kuntze,  Arch.  Pharm.  1011.  240,  630). 

DmYDKOPHlSNANTHBJQIB   DSBIVATiyBS. 

/\  Phenanthraqainone  is  a  typical 

I  member    of    the    series    of    orihth 

X/^Y)  q'liaones,  but  unlike  [3*]naphtha- 
quinone,  to  which  it  shows  a  dose 
resemblance  in  properties,  it  can  be 
obtained  from  the  corresponding 
hydrocarbon  by  direct  oxidation.  It 
^  gives  the  characteristic  reactions  of 

an  or<Ao-diketone,  as  may  be  seen  by  comparison 
with  benzil;  thus  it  reacts  with  hot  oaustic 
alkali  solution,  forming  a  glyooUic  add,  which  by 
oxidation  is  converted  into  a  ketone : 

I     ->|        >C(OH)<X),H->  >C0; 

C.H.-CO       C,H/  C,H/ 

yidds  aunes  by  condensation  with  ortho- 
diamines ;  and  gives  a  mono*  and  a  di-oxime 
with  hydroxylamine.  The  rdationship  between 
the  colour  and  constitution  of  the  dioxime  and 
its  derivatives  has  been  discussed  by  Schmidt 
and  SoU  (Ber.  1907,  40,  2454 ;  c/.  Hantzsch  and 
Glover,  ibid,  4344 ;  Schmidt  and  Mezger,  ibid, 
4560). 

Substitution  derivatives  of  phenanihraquin- 
one  are  formed  dther  by  oxi(Using  the  corre> 
sponding  phenanthrene  derivatives  (other  than 
9-,  10-,  or  9:10-  compounds),  or  by  direct 
substitution.  In  the  latter  case  substitution 
usually  occurs  in  the  equivalent  2-  and  ?• 
positions,  tlius  recalling  the  formation  of  meto- 
derivatives  of  benzene  under  the  directing 
influence  cl  the  carbonyl  radide. 

Preparatum, — Crude  phenanthrene  (100 
grams),  consisting  of  the  easily  soluble  con- 
stituents of  the  coal-tar  fraction  boiling  at 
320''-340®,  is  vrarmed  with  a  solution  of  potas- 
sium dichromate  (300  grams)  in  sulphuric  acid 
(900  grams),  diluted  with  water  (1*5  Utrea),  and, 
after  the  vigorous  reaction  has  subdded,  more 
dichromate  (300  grams)  is  added  gradually,  the 
liquid  finally  being  boiled  for  some  time.  After 
precipitation  by  water  the  quinone  is  washed, 
oried,  stirred  into  concentrated  sulphuric  acid, 
and  after  24  hours  mixed  with  water.  Chromium 
salts,  diphenic  acid,  acridine,  &o.,  pass  into 
solution,  the  last  traces  of  organic  adds  or 
hydrocarbons  being  removed  by  extncting  the 
residue  with  cold,  dilute  caustic  soda  solution, 
and  afterwards  (when  dr>*)  with  ether.  The 
reddue  is  freed  from  anthraquinone  by  digestion 
with  warm  concentrated  sodium  bisulphite  solu- 
tion in  which  the  phenanthraquinone  dissolves, 
ami  the  tiltrate  p^mnHl  into  a  solution  of 
pifta^ium  dichromate  in  dilute  sulphuric  acid; 
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p-nitrophenetolo  gradu(^^  to  a  solution  of  848  \  largo  excess  of  acetic  anhydride  (D.  11.  P.  7561 1 ; 
grams  of  stannous  chlonde  in  1060  of  hydro-  j  Histrzyuki  and  Ulffers,  Ber.  1898,  31,  2788 ; 
chloric  acid  at  60**-60°.  It  is  then  precipitated  j  Cohn,  ibid.  1899,  32,  2239).  Benzyl-^-pheneti- 
from  solution  aa  the  hydrochloride  by  the  dine,  m.p.  45°-46°,  obtained  bv  heating  benzyl 
addition  of  concentrated  hydrochloric  acid  ■  cliloride  with  p-phenctidine  forms  crystalline 
(Paul,  Zoitsoh.  angew.  Chem.  1896,  587).  plates    (VVenghotter,    Chem.     Zeit.    19,     1753; 

p-Phenetidine  may  also  be  prepared  by  treat- :  Wedekind  and  Frohlich,  Ber.  1907,  40,  1001). 
ing  p-azophenetole  with  tin  and  hydrochloric  acid  ,  EOtoxt/phent/loxamtde  (CO),(NH-CgH4-OEt),  by 
(D.  R,  P.  48543);  or  by  heating  benzylidene-p-  heating  anhydrous  oxalic  acid  with  p-phenetidine 
aminophenol  with  ethyl  bromide  and  alcoholic  to  140-145^.  It  forms  thin  needles,  m.p.  263*^ 
sodiam  hydroxide  for  3  hours.     The  product  is  ;  (Wenghoffer,  I.e.). 


then    warmed    with   acid    when    p-phenctidine 
separates  (D.  R.  P.  69006). 

p-Phenetidinc  is  a  liquid,  b.p.  254 -2^-254 •7°, 
m-p.  2*4*  (Schneider,  Zeitsch.  physikal.  Chem. 
1896,  19,  155).  When  heatetl  with  hydrogen 
peroxide  and  dilute  sulphuric  acid,  it  yielrls  a 


Amygdalyl  phenctidine  bv  heating  p-pheneti 
dine  mandelate  to  170'',  forms  shining  white 
plates,  m.p.  140-5''  (WenghoflFer,  I.e.).  Ethyl 
fi-pheneldyl  crotonate  obtained  by  condensing 
p-phenetidine  with  ethyl  acetoacetate,  forms, 
when  heated  rapidly,  to  225''-240**,  ip-ethoxy-y 


brown  colouring  matter  CjiHjjNaOg.  but  whon  '  hydroxyquinaldine  EtOCeH3*NCCHj*C(OH)-CH, 
oxidised  in  the  cold  with  a  pc^rinaiiganate  it  |  which  has  powerful  antip3rretic  properties 
yields  quinone,  carbon  dioxide,  acetic  and  oxalic  I  (Wenghr>fifer,  I.e.).  Salicyl  -  p  -  pheneiiden^ 
adds,  and  resinous  substances  (Kinzel,  Arch.  ,  {ScUiphen),  m.p.  142*^-143°,  is  prepared  by 
Pharm.  229,  329).  When  to  an  alcoholic  solu-  ;  heating  the  constituents  with  phosphorus 
tion,  5  CO.  of  a  potaiisium  iodide  solution  are  ox^chloride ;  its  aceio  derivative  has  m.p.  02** 
added  and  the  mixture  is  heated,  a  rose-red  colour  \  ( CLS.  Pats.  706356,  706356,  1902  ;  Bolezzi, 
is  formed  (Goldmann,  Pharm.  Zeit.  1893,  36,  ;  Gazz.  ohim.  ital.  1898,  28,  ii.  197).  Also  amino 
208).  For  the  detection  of  phenetidine  in  urine  '  acet'^-phenetidine  (PhenocoU),  raleryl-'p-phene' 
set  Ediefsen,  Chem.  Zentr.  1900,  L  573.  tidinc  {Sedaiin),  vanillin-j^-phenetidine,  and  the 

p-Phenetidine  sulphonic  acid  is  prepared  by  '  furfural ,    propionyl,  methyl  glycolic,   and   aceio- 
hcating  the  hydrogen  sulphate  of  the  base  or  |  sulphonic  derivatives  (J.  Soc.  Chem.  Ind.  1898, 
by  boiling  p-mtrophenetole  M-ith  sodium  hydro-  j  726  ;   Eng.  Pat.  14954,  1896 ;  4565,  1905). 
gen     sulphite.     It    forms     readily     crystalline  !        For    the    halogen    derivatives,    set    Staedel 


sodium  salts,  and  may  be  dinzotised  and  joined 
with  iS-naphthol,  thus  obtaining  the  azo-  com- 
pounds which  with  barium  and  ahiininium 
hydroxides  form  red  lakes  of  groat  bniliaiicy  and 


(Annalen,  1883,  217,  55);  R«verdin  (Ber. 
1896,  29.  2595);  Reverdin  and  Diiring  {ibid. 
1899,  32,  152);  Grothe  (Arch.  Pharm.  1900, 
238,  587,  600).     Nitro  derivatives  are  described 


fastness  (D.  R.  P.  146655;  see  also  D.  K.  P.  by  Wender  (Gazz.  chim.  ital.  19,  218);  Auten- 
189469).  p- Phenetidine  sulphonic  acid  may  also  ;  reith  and  Hinsberg  (Arch.  Pharm.  229,  466); 
be  obtained  by  heating  phenetidine  with  fuiuing  ;  Blanksma  (Rec.  trav.  chim.  1905,  24,  40). 
sulphuric  acid  (Enir.  Pat.  14375,  1897  ;  see  '  For  other  derivatives,  see  Boettinger  (Arch, 
also  Cohn,  Annalen.  1899.  309,  2.S4  ;  Paul.  i.e.).  Pharm.  1896,  2.34,  158);  Wirths  {$id.  620); 
Eth'fl  sulphone  phenetidine  |  Meve.s    (J.    pr.    Chem.     HKK),    [ii.]    61,     449); 

v*n  p  H    VHv^ri    r  Tf  VorlJinder     (Annalon,     1897,    204.    2'i3,    302); 

i!.iuv«n4-.>nj>u,v  2M5  HiiKjhot!    (IW.     1898,    31.    3241,    3248);    Par- 

is  obtained  by  the  a<'ti(m  of  ethyl  sulphocldondes  theil  and   Schumacher   (ibid.  591);   Sachs   and 

on     p-phenetidine.     It     forms     shining     wliite  Ix>vv    {ibid.    1904,    37,    874)  ;     Schroeter   {ibid. 

leaflets,  m.p.  80^-81**.  and  acts  as  a  monobasic  iwij.  38.  3181);     Hischoff  and  Frolilich  {ibid. 

acid,  forming  well-crvstalliscd  sidts  which  may  liM)0.     39.    397r>) ;      Erlenmeyer     {ibid.     791); 

Ih)  employed  in   medicine  as   they  have   anti-  (iuldschinidt     (Chem.     Zeit.     1901.     25.     178); 

neurali^c.'  antipyretic,   sedative    and    hypnotic  Lumir-n; and  Harbicr  (Bull.  Soc.  chim.  1906,  [iii.] 

properties   (Autenrieth    and     Kernhciin.    Arch.  35,    123);     Fcmrncau    (J.    Pharm.    Chim.   1910, 

Pharm.      MK)4,     242.     579).     Similar     aromati<-  -vii.]   1.  97). 

sulpho  derivatives,  alsi*  employed  in  medicine.  o- P  f tenet  id  ine   is   proiluced   as  a  by-product 

hiive  l)een  prepared  (En;^.  Pat.  3791,  1896).  in  the  formation  of  the  para-  compound. 

By  the  interaction  of  /^-plKMietidino  and  its  PHENETOLE  <'rtl*6*0"('2H.. 

homologues    with    ethyl     orthoformaU\     (unn-  Prrparation,  --Phonetolecan  Ik-  obtained  bv 

pounds  are  formwl  of  the  iy\to  of  methenyldi-/>-  •  heatinu'   pota.ssium    ph«'nate   with   ethyl   iodicfe 

phenetidine.  which  possess  an:i'sthetic  properties  (Cihours.  Ann.  ('him.  Phys.  fiji.]  27;  4A:{).()r  by 

(Goldschmidt,  Chem.  Zeit.  1002,  2»>,  74l> ;  J.  Soc.  hivitin;;  a  mixture  of  ociual  parts  of  ]»henol  and 

Chem.  Ind.  1890.  G.'K)).  phi»>^p:<»rn<    ]><Mitnxi.lf    at    2(H)°  and   j;ra<lually 

The   following   derivatives  of   p-pheneti<line  iri.lin.j  al<'..ii.il  (  K.'i.-tro])p,  Ber.  1877, 10.  HiS.')).   It 

also  have  me«licinal  properties  : —  i^  pp-jrjpMl  hy  heatinii  moleeulnr  ])ro]V)rtions  <»t 

The   citrates,   tnrtrntri*^   and    rnanfif.hit'S   pre  crinle    eilcium    or    >ndiuin    >nlph«>vinate    and 

pared  by  mixing  the  theoretical  (juantities  of  ^odinm  ])h«nate  (])repared  by  mixini:  ntoleeular 

the  acid  and  has..*  dissolved  in  siiitaMe  solvents  |)n»|»orti(Ui^    of     phenol     and     a«nieon<    <>>nistie 

(Ens.  Pat.  112SS.  lS9o).  ..ula    of    sp.pr.    J-.'U)    at     l.'VU®   for   some   hours 

Lartyl-p- phi  m  till  inr  {litct'tphmin)  is  prepare.!  (Kollw.  .1.  pr.  (hem.  [ii.]  27,  421). 

by     heating     ben/.ylidene      ;>-plien«'ti<line     with  It   ni.M   aUo  In-  pn-pin-*!  hy  fu>ini:  pTfeetlv 

laeti<;   acid   (Eni;.    Pat.    r.USS,    iSOl  ;     s,  r   also  drv  -o  ijinn  rthoxide  with   ]Krf«-etlv  <lry  phenyl 

Enu'.    Pat.    29869,    ISiMli.      It    forms    e<.I,,iirless  .ulpl».Mnt<-  (Monnii,  .1.   Pharm.  Chim.*  IS9S,  S, 

prisms.     The    diacetnlr,    of    p-ph*  u*ti'linr,    m.p.  211);    by    tlir    action    ol    sodium    ethoxide    on 

55''-56*',  b.p.  182**  '12  mm.  is  obtained  by  heatini!  tnphrnyl  j)l»o-phat«-  (Morel.  Compt.  rend.  1S!»9. 

phenacetin   {p-pheuftidinc.    monoacctatt)    with   a  128,  5(»S);  or  by  [ms.>.ing alcohol  into  a  mixture  ut 
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from  rcsoroinol  in  a  manner  which  is  indicated 
by^ho  following  scheme : — 

OH  OH  OH  -» 


C,H.-N,^    _^  -HaNi/^l 


OH'  I    JOH 


N.C.H, 


CO 

OH 

CO^^CX) 

-> 

HO,'^\0H 

CO       l(X) 

ho'     'oh 

CO 

OH 

011.) 

(IV.) 

V 

NHj  The  diacetyl  derivative  is  converted  into  the 

(disaio compound),    (reduction),  so-called  *nitranilic  acid'  (L)  by  the  action  of 

Q  ^*                      q5*  nitric  and  sulphuric  acids ;  this  is  then  reduced 

yv                           yv  to  diaminotetrahydroxy benzene  (II.)  which  is 

HO.j     ji        ^^    HOj^    ]  oxidised  by  means  of  nitric  acid  to  triquinoyl 


V    yHO                 '      ^HO  (in.);    th©  latter  is  then  reduced  by  stannous 

^(^                        \tt  chloride    to    hexahydrozybenzene    (IV.).    The 

(Dihydroxjrquinone.)  ^^'^V^''uP^®''5^  ^''"'T.  ^?''^  needles   which 

in.  cannot  be  obtained  completely  colourless  ;  when 

^y/»-Resorcinoldisazobenzene   (I.)  is  formed  ideated   it    becomes   dark-grey   at   about   2(X)® 

by  the  action  of  benzene  diazonium  chloride  on  without    melting.    It   is   sparingly   soluble   in 

reeoroinol  in  the  presence  of  excess  of  caustic  ^^^  water,  but  readily  dissolves  on  warming, 

alkali.    This  is  reduced  to  diaminoresorcinol  (II.),  *"^  »»   sparingly  soluble   in  alcohol,  ether,  or 

which  yields  diirainoresorcinol  on  oxidation,  a  benzene.     The  aqueous  solution  becomes  quickly 

substance  which  is  converted  into  dihydroxy-  red-violet  on  exposure  to  the  air  and  at  once 

quinone  (III.)  on  treatment  with  caustic  alkali ;  reduces  silver  nitrate.     It  is  oxidised  by  con- 

the  last-named  compound  is  reduced   to  the  centrated  nitric  acid  to  triquinoyl  and  when  its 

tetrahydric  phenol  by  stannous  chloride.     The  aU»line  solution  is  treated  with  air,  it  is  con- 

tetrahydroxybenzene   forms   glistening   leaflets  verted  into  tetrahydroxyquinone.    The  action 

which  melt  between  216"  and  220"  ;  the  aqueous  ®^  dilute  alkali  yields  potassium  croconate,  and 

solution  becomes  rapidly  brown  on  exposure  to  acetic  anhydride  produces  the  fiexa-aceiyl  deriYA- 

the  air  and  is  at  once  oxidised  to  dihydroxy-  ^^®  which  melts  at  203"  (Maquenne,  Bull.  Soc. 

quinone  by  ferric  chloride.  chim.   1887,  48,   64).    The  potassium   salt   of 

Pentahydrle    phenol.    There    is    only    one  hexahydroxy benzene  is  identical  with  'kohlen- 

theoretically  possible  pentahydroxy  derivative  oxydkalium,*  which  is  prepared  by  Ihe  action 

of  benzene,  namelv —  ®^  dry  carbon   monoxide  on  melted  potassium 

"    OH  (Gmelin,  Pogg.  Ann.  1826,  4,  35).       J.  F.  T. 

/\  .  _  PHENOL  COLOURING  MATTERS  v.  Oxazwb 

Trril         lS5  COLOURINO   MATTEKS. 

HO-JOH  PHENOL  CORALLIN  v,  Aurin. 

OH  PHENOLPHTHALE'iN  v.  Tbiphenylmethakb 

(1:2:8  :4  : 5)  COLOUBINO  MATTERS. 

1:2:3:4: 5'Pentahydroxyhenzene.  A  substance  PHENOPHEN  ANTHRAZINE  v.  AziNES. 

having  this  constitution  has  been  c^scnbed  by  PHENOSAFRANINE  v.  Azines. 

Wenzel  and  Weide  (Chem.  Zentr.  1903  [u.]  829  PHENOSAL  v.  Synthetic  drugs. 

as  forming  colourless  crystals  insoluble  in  all  PHENYFORM  v.  Synthetic  drugs. 

the  usual  orgamo  solvents.    DiflFerent  properties  PHENYL.     Under    this     heading     wiU    be 

are  given  to  this  compound  by  EinhoiTi,  Cbb-  described  the   monosubstituted   derivatives   of 

Imger  and   Pfeiffer  (Ber.   1904,  37,  122),  who  benzene,  having  the  general  formula  C.H.R. 

prepared  it  by  the  action  of  water  on  the  hydro-  The  radicle  C^U,  is  known  as  phenyl  and  is 

chlonde  of  4:  6-diammopyrogallol  monovalent. 

OH                           OH  Amlnobenzene  v.  Aniline. 

jiq/  \oh  Bromobenrene,  Phenyl  bromide  CeH.Br.   Pre- 

HO'        OH  pared  by  the  interaction  of  benzene  ana  bromine 

\X  in  the  presence  of  sunlight  (Schramm.  Ber.  1886, 

It  forms  microscopic  needles  when  crvstal-  18,  606),  iodine  (Rilliet  and  Ador,  ibid,   1876, 

lised  from  benzene  which  are  readily  soluble  in  8,    1287),    aluminium    chloride    (Leroy,    Bull, 

ether,   alcohol,   or   ethyl   acetate,    and   which  Soc.  chim.  1887,  48,  211 ;  Greene,  CJompt.  rend, 

blacken  when  heated.   The  aqueous  solution  gives  90,  40),  or  aluminium   amalgam   (Cohen  and 

a  dark-red  brown  colour  with  ferric  chloride.   The  Dakin,  Chem.  Soc.  Trans.  1899,  894);    by  the 

penla-aceiyl  derivative  forms  colourless  needles  action  of  phenylhydrazine  on  perbromacetone 

which  melt  with  decomposition  at  166".  (Levy  and  Jedlicka,  Annalen,  249,  84) ;   by  the 

The  only  hexcihydric  phenol,  hexahydroxy-  action  of  sulphur  bromide  and  nitric  acid  on 

benzene     C,(OH),,     has     been     prepared     by  benzene  (Ekiinger  and  Goldberg,  Ber.  1900,  33, 

Nietzki   and    Benckiscr   (Ber.    1886,    18,    499.  2884) ;   by  diazotising  aniline  in  the  presence  of 

1833)  from   the  diacetyl  derivative  of  hydro-  copper,  sulphuric  acid,  and  potassium  bromide 

quinone  in  the  following  way —  (Sandmeyer,  ibid.  1884.  17,  2650);   for  electro - 

O  lytic    method  v,  Votocck  and    Zenisck  (Chem. 

OAc                     II                              OH  Zentr.  1899,  i.  1146). 

/\             /-i  XT/' \    /-itr         II  xr/X^ir  Bromobeiizcne   is   a   colourless   liquid,    b.p. 

f      .    ->    0,N         -OH  ^  H,N.        OH  i56.(50  (758-6  mm.)  (Feitler,  ZcMtsch.  physikal. 

N    /            H(K        ISO2           HO.      ;N1L  Cheni.4,70):m.p.-30-5"(corr.)(Schnei<hT,*6Mf. 

OAc                       II                             OH  22,  232  ;  rf.  Hsxiisr,  Her.  1893,  26,  1063) ;  sp.gr. 

O  4"/4"  1-5105,    I57I0"    1-4991,    25"/25"  1-4886, 

(I.)                           (II.)  60"/60"    1-4681,    100"/100"    1-4416;    magnetic 
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roUtion  (Parkin.  Chem.  Soc.  Trans.  1896, 1243) ;  (Sohmidlin,  Compt.  rend.  1903,  137,  59),  whiUt 

vapour   preBsure   (Ramsay   and    Young,    ibid,  with  aluminium  chloride  the  products  are  the 

1885.646,655;    Young,  t&uf.  1889,  488,  506 ;  chlorides    of    4:4'-    and    2 : 4'-dichlorobenzo. 

Kahlbauro,  Zeitsoh.  physikal.  Chem.  26,  584) ;  phenonc^  (Norris  and  Gnnm.  Amcr.  Chem.  J. 

absorption    spectrum    (Pauer,    Chem.    Zcntr.  1901,  26,  402 ;    Norris  and  Tweig,  ibid.  1903, 

1896,  i.  1122;   Purvis,  Chem.  Soo.  Trans.  1911,  30,    392).    Chlorine    in    the    sunlight    yields 

811);    dielectric  constant   (Jahn   and   Mollcr,  i  CcH^Cl.Cli,  C^Hfil^,  and  other  pr^ucts ;    in 

Zeitsch.    physikal.    Chem.    13,    386).     Heated  the  presence  of  dilute  sodium  hydroxide,  a-  and 

with  aluminium  chloride,  bromobenzene  yields  /3-chloro benzene    hexachlorides    are    produced 

benzene  and  isomeric  dibromobenzones  (Dum-  (MattheAvs,  Chem.  Soc.  Trans.  1891,  167 ;   1892, 

reioher,   Ber.    1382,   15,    1867) ;    with  sodium  103).     Bromine  in  the  presence  of  aluminium 

methoxide  at  200^  anisole,  phenol,  and  a  small  chloride  yields  p-chloro bromobenzene  and  other 

quantity  of  benzene  are  formed  (Blau,  Mon&tsh.  products  (Mouneyrat  and  Pouret,  Compt.  rend. 

7,  626).     Sodium  in  other  yields  hydrocarbons  1899.    129.    605) ;    sulphuric   acid   and   iodine 

of  high  molecular  weight  and  a  dark-blue  sub-  yield      chloro<liiodobcnzene     (CI :  It=l  :  2  :  4), 

stance  (Weiler,  Ber.  1896,  29,  115  ;  Mohr,  J.  pr.  chlorotriiodo benzene    (CI :  Ij^l :  2  :  4  :  6)    and 

Chem.   1909,  [ii.]  80,  315) ;  ethyl  oxalate  and  other  productH  (Istrati,  Chem.  Zentr.   1897,  i. 

riodium  in  absolute  ether  yield  benzoic  acid  and  1161).     Clilorobenzene  remains  unchanged   on 

triphenyloarbinol  (Frey,  Ber.   1895,  28,  2315).  heating  with  hydriodic  acid  and  phosphorus  at 

Heated    with    sulphuric    acid,    bromoltenzene  302®  (Klages  and  Liecki,  J.  pr.  Chem.  [ii.]  61, 

yields    1:3:  5-di bromobenzene   sulphonic   acid  319).     Nitric  acid  at  0®  gives  o-,  m-.  and  p- 

and  a  bromobenzene  dinulphonic  acid  (Herzig,  chloronitrobenzenes,  the  yields  being  29*8,  0*3 

Monatsh   2,  192) ;   nitric  acid  (sp.gr.  1*5)  dves  and  69*9  p.c.  reap<K;tively  (Holleman,  Proc.  K. 

1:2: 4-bromodinitrobenzene   together   with   o-  Akad.   Wetenuch.   Amsterdam,   1905,   7,   266). 

and   p-bromonitrobenzenes  (Bandrowski,   Bull.  Oxidise<l    by    sulphuric    acid    and    manganese 

Acad.  Sci.  Oacow,  1900,  193).     Hydriodic  acid  dioxide   to  formic  and  p-chlorobenzoic  acids, 

and  phosphorus  are  without  action  on  bromo-  Has  been  recommended  as  a  solvent  for  resins 

lienzene  at  218®  (Klages  and  Liocke,  J.  pr.  Chem.  (And^s,  Chem.  Rev.  Fett.  Harz-Ind.  1906,  13, 

[ii.]  61,  319).  32).     For  stability  of  halogenated  benzenes  v. 

(Hllorobenxene,     Phenyl    chloride^     CcHjCl.  Lowenherz  (Zeitsch.  phvsilul.  Chem.  1899.  29, 

Prepared  by  the  action  of  phosphorus  |K>nta-  401) ;      Vandevelde     (Chem.    Zentr.    1898,     i. 

chloride   on    phenol    (Gerhardt   and    Laurent.  438). 

.Xnnalen,  75,  79) ;  by  heating  bt^nzene  with  lodobenzene,  Phenyl  iodide,  C«HgI.  Pk«- 
thionyl  chloride  at  150®  (Dubois.  Zeitsch.  pared  by  the  action  of  phosphorus  triiodide  on 
Chem.  1866,  705)  or  with  sulphur  chloride  phenol  (Scrugham,  Annalen,  92,  318) ;  bv 
at  250®  (Schmidt,  Ber.  1878,  11,  1173);  by  heating  a  mixture  of  benzene  and  iodine  with 
the  electrolysis  of  a  strong  hydrochloric  acid  '•  aluminium  chloride  (Green,  Compt.  rend.  90, 
Holution  of  cupric  chloride  in  the  presence  of  40),  ferric  chloride  (Meyer,  Annalen,  231,  195), 
benzene  diazonium  chloride  using  copper  or  with  sulphuric  acid  (Neumann,  ibid.  241,  84  ; 
electrodes  (Votooek  and  ZeniAek,  Chem.  Zentr.  Istrati  and  Georgescu,  Chem.  Zentr.  1892,  i. 
1899,  i.  1146;  c/.  Walter,  J.  pr.  Chem.  1896,  625),  in  the  last  method  higher  halogenated 
[ii.]  63,  427) ;  by  diazotising  aniline  and  heating  compounds  also  being  formed;  by  the  inter- 
the  pro<luct  with  cupn.>us  chloride  (Sandmeyer,  action  of  l)enzene  and  sulphur  iodide  in  the 
Ber.  1884,  17,  1633) ;  by  the  action  of  chlorine  presence  of  nitric  acid  (Edinger  and  Croldberg, 
on  benzene  in  the  presence  of  aluminium  Ber.  1900,  33,  2876) ;  by  heating  phenyl  hydra- 
chloride  (MounejTat  and  Pouret,  C^mpt.  rend,  zinc  with  excess  of  iodine  in  potassium  io<lide 
1898,  127.  1026),  ferric  chloride  (Thomas,  ibid,  solution  (Meyer.  J.  pr.  Chem.  [ii.]  36.  115);  by 
1898,  126,  1212),  or  a  mixture  of  finely  divided  heating  bt*nzeno  x^ith  potassium  iodate  and 
iron  and  ferric  chloride  (D.  R.  P.  219242 ;  J.  dilute  sulphuric  acid  (Peltzer,  Annalen,  136, 
Soc.  Chem.  Ind.  1910,  619).  197);    by  heating  sodium  benzoatc  with  iodine 

Chlorobenzcno  is   a   colourless  liquid,    b.j>.  nionochloride   (Schutzenberger,   J.    1801,    349; 

131*8®  (757  mm.)  (Perkin.  Chem.  Soc.  Trans.  1802,  251). 

1896,387;  c,f,  Ramsav  and  Youn^r,  ibid.  1S85.  lodolK-nzene  is  a  colourless  liquid,  b.p. 
642,  654  ;  Fiichs.  Zeitsch,  angew.  Chem.  1898,  188*36®  (755*75  nnn.)  (Feitler,  Zeitsch.  physikal. 
869);  m.p.  —45®  (corr.)  (Schneider.  Zeitsch.  Chem.  4,  71);  m.p.  —28-5®  (corr.)  (Schneider, 
phvsikal.  Clieni.  19,  15r)):  sp.L'r.  4°  4®  112.30,  ibid.  19,  157;  cf.  llaa.M'.  Ber.  189,3,  26.  1053); 
15®/15®  1*1125,  25®  25®  1*1042.  .in®  TK)®  In8ti8,  sp.-r.  4®  4®  1*8551,  15®  15®  1*8401.  2.0®/25® 
100® aoO®  1*0623  (Pirkin,  l.c.)\  eritieMJ  tern-  1*8283,50®  5(>®  1*8067,  It K)®  100®  1*7832 (Perkin, 
perature  359*2®  (Young,  Zeit<eh.  phvsikal.  C -hem.  Soe.  Trans.  1896,  1243) ;  vapour  pn'sMire 
Chem.  11,  590;  Sehneichr,  ibid.  70,  "  626) ;  (Youiil'.  ttiW.  1889,  4i)0,  510) ;  heat  of  com  bus- 
vapour  pressure  (Younir,  Chern.  Sue.  Trans,  tioii  770*0  Cal.  (l^Ttlielot.  Compt.  rend.  130, 
1889.  90,  ttneq.)x  ahsjorptinn  sjHctruni  (Pauer.  1098);  maj^n<'tir  rotation  (Perkin. /.r.) ;  absorp- 
Chem.  Zentr.  1896.  i.  1122  :  Purvis,  Chnn.  Soe.  tion  sp«'Ctruni  (Pauer,  Chem.  Zentr.  1896.  i. 
Trans.  1911.  811);  nia«:netic  rotation  (Perkin.  1122:  l^l^vis,  Chem.  Soc.  Trans.  1911.  2318). 
/.r.)  ;  dielectric  constant  (.laliii  ami  Mollrr,  lodolM-nzJue  is  re<hi('e<!  to  lH*nzene  by  sodium 
Z«*it*sch.  physikal.  (Ihim.  Ill,  .3s7i.  Ity  ]).i>sinL'  aniai^rani  in  alcohol;  with  aluminium  chloride 
th<'  vapour  of  chlorolnjiziiir  o\rr  r»«l-fi«<t  irnn  it  yield.-  U-nzenr.  i.sonirrie  diiodoU-nzenes, 
61iit:;>«.  diphenyl,  mono-  and  <li-  rlil(»r«Mliplu  n\l  hy«lpMhlt»ri<r  acid  and  iofline  (Dunireiiher,  n<T. 
and  tliphenylU.*nz«  iM"  are  f(irni»<l  (Kramers,  ISS2,  ITi.  1S6S»;  with  silvrr  nitrate  at  145® 
Annalen,  189,  135).  On  liealini:  ^^ilh  sodium  pi<rie  a<iil  is  tormi-d  ((Jeuther,  Annalen,  245, 
in  carlNMi  tetmchloride,  triphenylinelhane.  hexa-  UKJ) ;  oxiilised  by  ('aro*s  acid  to  iodoxylH-nzene 
phenylU-nzene     nn<l     «lip]i*n\i     an-     produced  (Riml>erpor    and    Will,    Ber.    IIKK),    33,    534). 
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Ber.  1<&I.  14.  SMS  :  riKaJh.  fc»<Li:  hsrji  kr,  }>.•*  rj  i^kt  ir^s^zmiL,  :*TAklLmii:iL  .c  'Ltts  xiai!  aju 

GobaVp  CWn.  ^x-  7r»ct-  i*<J*l.  XfT  :    -r^jir  tcxihk  mn  ilxt  hnut  ir.«iL   iJie   pkis.^'^k^v'a: 

with   t^sj*eecj:    kbi   ji   p-rtsf   fc:»?^A'    >j*.    I:  ii:!ii  ir.«rii»o  W  'Urs  as«:aT  .^  jr:c«£ii  iuLtsc^. 
oombcMbi  'v:32.  fcTnnnr  a  &si£  n.titfL.'nr:'**!  i'n  rua  i^ft*^Tjj»:ttnj:  uini  — TT7i"^iirf  iz  iLzr  j«:fci^*e9fc. 

TieHi=^  isbiQiSacsac  isj:icrt«^.     .ijiriii*  ;:rzfc  =-7^  T*-i*.  :.j^  3f»r  .?'    xcr.  .144^  -j**-?"^  li 

an  adankE.  pmcaei: :    sccot?  ?:"»otr  »i  a*.**  =-ii-    Azritiim  fc^cBtna^  Be:.  IS^T.  3i",  :»«•* 

yieldi     bw»rr-Br>,     Re-ririj.c!    ■wvii    iyir.-  «5-p    >.*TT?  *•:  ?5'.  IriSS4  fc-»  1*;'  4=    Mulisr 

chione  mc»z  e.  atenthrt't  kisi^iit.  rnw*  ■>•  :ni*  IlSI  i^i  ?«:r^:i*r.  I-sl  »  :c  i-±2^  hi  4*   SLi^^atr.  Ber. 

UiJofoRi^^t^jit    Pnziff.  Be.  :»L  It  1<«SJ-  :*Tr,  li  ;«;♦  :   -^i?  iUi£»«:>:  riciA.CT  jiivtr 

Wiukt    AASDZLmL    hTllMrfcTT    XL   If^ITir^   KttCIaiC.  J*      1^'T4$       P*?CI.     f.lbESL.     Slil.     T^kZlL      i«lM^ 

(ftoikBiBer    KZkd    N^-IL     «m.    l^T^.    r.    I^Sf   :  i»^*:j.c.  ;i^=.rA:iML:-:   i»:'j^   ±3tst  issLziet^  ^a 

lide«  rprrr'Tr  bead  gn^iiTAr  "    kzii  K-'raici:  fczai.  rae>i  v    :«ax'j»:   bi:r=  -v^zm  kisauneRC  i«  & 

the  djacibfit  o<  «&t  hai    Bodk;!.  ';^:-zrTr.  mni.  ixii  v  h  ^ic.  'v.L.iia  ;dkn.T:a»xcr:  ksid  li  sai- 

130.  Sr5.     Bt  kciSsazac  pb£c.,rhxj:t!«r'.ciD6s  T*rK«i  -cn^  nn  •■>*  :i:ci=rc«.ffi*  3^:  jii^fcn  iirw  >i 

with    ahpetasaie    maasiviriXTij:- <ii:ii*-   jtt««7>  ocW    •_^,*.H,'<_*>XHrH^'OL*^    atj^    2 IS' 


povod  azkd  pCKCTjiijiiafcrrLSLj^^  :xij*    Frmr.  -^          /a          xp.  xi  .- 

a&d  H*-risE-  Ber.  li^*.  4i>  S-*A';    FT-Cii  kai  -r^-'-'i  ti^-^x*-' 

1 574.  7,  1 73  w  :<!  nri-.'i:*  *  ij :<  -i.--i,v    jfci  at  '  a^ m'-%^ s *  .  H, '- V U^i*!* 

h  rf  a  vi  .IT.--  -r-^.i    i-fc-^;  *  ^i.i*  ^*«-*-— Mrtij.     «5*^.     :.t.     ^A     r^ 

PHE9TUCCTK   ACID.  r-vV* .-  '.-.;  -'^—^^•-  "-^^  - '*'-  -'■  *^.  =  Fr?-^-  **«■ 


i   . 


0*1   IV--.    :4-.   it;   .     ■-    r-.  ..-Ti-    r-L.-.:.---  --'■-'^■-   '  =     .<.---:'"-   -  '  =-=- :    ?7--r    >•--  ^' 

v.'A     hrw-^Z^'^L      .1.-".     .r<*:.   frt:    .       7  -       4    :       ."^»      -    .V^-;     .r,--..-Tr     fc-. 

Ki^y.r  7     yii^-.yy  lj  T .'  r.; .     ''i.'-     **i-*r     ^"Li  r*     7-  i-^i*^?.    •»::     .^i**-   SI.  i»*l  ;     .•  Zj*z. 

l^firt^.  >.»•- i.*  ;    L--.   **   >-'.   :-:»-.z.'  -.  -  Vi.VT  :•:?*•;-.    -^-'T.    ~.z      -ti**.     :  z.     IT.*."    =.=. 

lie  ps^^TJ-.'.   .d  --J*   t.-     •.     f     *.-'•»••_  :.    r.  jt     i  r*  »-— .-j*.?     iz.-:     r..r>»fc:*  i.     r^r      .A»".     5*. 

*a    rti*tr^a»    *..-.-. --.       :     •.i.t.r--  *. v.     -^-.t;.  . ->     .   :'i-i;.--i'.  -->-.=.%   i>\    :,j.   S3." 

'.ak.<r>^     Z(»i.i»i;      .'^  •      .  ■•  -     '-'     -••<;.      '*.  ■   •:   "^  »j'.r.  i-.ii  ?-  ;*^--  **'--  --••  •  S*.  .*"^.  . 
oc'.-ar*     v.'j^.:i*r     ▼  **-      :■■..•-  "   :•'   -'   ■'-        »*  '  -  -^*''  '  .«'•:->.'/'.  :.'-.;•'.>   .  ,H,-.  H.*  '  •.'.  :.i^  •-> 

ai&jikX  "i*  inrr^**'-  --    .-      ••  :•  -  '     ■   :■•  •-•.  *.-  -7  .--t*'-^'   .;     -i:_.     1  "i  T'   1*     i^r:..     1  •«'- 

of  ocrLk.2.  jr-r^T..     -     .    *-i       '- •       •'-     .i  .  ;'■  i:'   ■."       •  .".■    ^'«    r.i_  .   *:.  j-    .  .:.r.* 

M»;    Zertr.^    jr    ■  •••     .     ;r.  ,  l:   J      »      .  yr    ..-    i*   i\    1  .~M"  i.-    :.*   .?*, 

ISW,  ♦,  5<C  fcsri  •  ■-■•  •*•     ,•-••:..       -jjt.-irVri  -  .-'4  i-i   .v'   .I';    kill  vxtat:^  Tiit  6,<«am*^i^ 


PHENYLALANINE.  1»1 

Homugentasic  acid  haa  been  aynthesised  by  or  b;  meant  of  ita  sparingly  soluble  copper  aalt 

heatiog    qoinol    dimethyl    ctber    dJBsolred    in  (Schulze  and  Barbieri.  J.  pr.  Cbem.  1SS3,  [ii.j 

carbon  diaulphido  with  ethylcbloracetate   and  i~,    337 ;     compare   Ktliulio   and    Winteratvin, 

aluminium  cbloride,  and  subsequent,  hydrulytus  Ik-r.  1902,  3G,  2KJ). 

with  rod  phoBphorus  and  fuming  hydriodic  acid  Synthesui. — The  oonBlitutiun  of  phenylalanine 

of  the  methyl  ether  of  humogeutisic  atid  thus  was  dcteTmiued  by  ErlcuDicyeT  and  Lipp  (Ber. 

obtained   (Osbome,   Proe.    PhysioL   Sou.   1903,  1882,  IG,  1006),  who  syntheaiBod  it  from  phenyl- 

13,  14).  acetaldcbyde,  hydrogen  cyanide,  end  ammonia 

«t  U,^'^"fA^^"Lf^°f^X'lT,^''^  "*"  C.H.-CH.-CHO-*C,H.-cai..CH(NH,)CN 

at  UO-6  -147  .  and  pass  mto  tlie  ladoM  -*-'c,k.-CH,.CH(NH,)CO,H. 

OH-C,H,<(^J^CO,  piiijhl  (ibid.   1883,   10,  2815;    1884,   17,  1016) 

m.p.    191°.    The   Uad   aaii   Pb(C,H,0,)„3H,0  obtained  it  by  the  reduction  and  suheequent 

has  ni.p.  214°-215°,  is  soluble  in  676  parta  of  hvdrolyaiB     of     a-benioyUminucinnaraic     ooid 

"»'"•■  at  20°,  and  advantage  is  taken  of  this  obtamcd  by  the  condensation  of  benialdehyde 

SsolubiLty  in  the  isolation  of  the  acid.  '^'"'  hippuric   acid  in  the  preaence  of  acetic 

!/(Mfcrha8m.p.  119°-120°;  the  dimtthyl  anhydride- 


■fte 

ether  {OMel.C.H.-Clf.CO.H  haa  m.p.   124-5";  C,H,-CHO+CH,(NH<:OPh)CO,H 

and   its   mrthyl   eater   (OMej.C.H.-CH.CO.Me,  -»  C,H,-CH:C(NH-COPL)CO,H 

in.p.    45°    (Wolkow    and    Baumann,    ZeJtacb.  -*  C,H,-CH,-CH(NH-COPh)CO,H 

phyaiol.  Chem.   1894,  IB,  228 ;    Baumann  and  ->  C  H  ■CH  ■CHINH.ICO  H. 

Frankl,    ibid.    20,    221).     IHbenaiythomogtntui-  _,                        .    s       i       l       «      i 

cmidt   haa   m.p.   204°   (Orton   and   Garrod,  J.  ,   For  a  complete  explanation  of  the  mcchaniam 

PhyaioL     1901,    27,    89).     Homogentisic    aoid  of  thia  reaction  which  la  more  oomplei  thMi 

reducea  copper  and  lulver  aolte  readUy,  givea  a  !,'!,t'^^^„''^*'«','«  Erleameyer  (Annden,  1893, 

blue   colour   with   ferric   chloride,    and   yielda  ^^^-  '■  ")  ;  and  Erlenmeyer  and  KunLn  (i6«f. 

gentiaic  add  (2  : 5-dihydroiybenioic  acid)  and  ""^'  **'.  1*6). 

quinol  on  fusion  with  potassium  hydroxide  at  ,    '""^  '"«   preparation  of    synthetic   phonyl- 

196''-198°.     For  the   chemiatry   of   the   colour  »»nine  Fiaohec  s  method  la  the  moat  practical 

reactiona  afforded  by  homogentinio  aoid  with  (Ber.  1904    37,  3062).     It  oonaista  in  the  pro- 

amioee,   ice    Momer,   Zeitsch.   physiol.    Chem.  paration  of  the  corresponding  bromo-fatty  amd 

1910  69  329.  starting     with    ethyl     malonate    and     benzyl 

fisliraatiDu.— Horaogentisic  acid  in  urine  ia  chloride,  and  treating  thia  with  ammonia- 
estimated  by  measuring  its  reducing  action  on  (CO,Et],CH,  ->  (CO,Et),CH-CH,-C,H. 
aUvet  nitrate.     10  c.c.  of  the  atered  urine,  10  c.c.  ->  {CO,H),CH-CH,-C,H, 
of  ammonia  solution  (8  p.c),  20  c.c.  of  N/10  ->  (CO,H),CBr-CH,<;,H, 
sJlTsr  nitrate  solution  are  placed  in  a  flask,  after  -»  CO,HCHBr-CH,-C,H, 
five  minul«s  5  drops  of  calcium  chloride  and  10  — »  CO,H'CH(NH,)CH,-C,H^ 
drupa  of  ammonium  carbonate  solution  are  added,  •>..■.           .<.    j     t        .<.     .           c-. 
the^lution  made  up  to  50  c.c,  and  the  silver  ,„  .f"".*"*^'  Pf'^ods  of  synthesis  *«  ^"u^n 
estimated  in  half  the  filtrate.     One  molecule  of  '^'j^'^iP^y^f'- ^^"?; ''*^' "■„t*^U^«l?'" 
homogentisic   acid   reduces   4   atoms   of  silver  "nd  HoBman  (Araer.  Chem.  J.  1911,  46,  368) 
(Bauianu,   Zeitsch.   physiol.   Chem.   1896,   16,  fhe  phenylalamne  obtainwl  by  any  of  the 
268;  Denig&.J.  Pharm  Chem.  1897,[vi.]5,50;  aynthotioprocoews    described    above    is    the 
Garrod  and  Hurtley.  J.  Physiol.  1905,  33,  206).  '»^™',^  (<«■)  '"rm,  it  cau  be  resolved  into  its 

PHENYLAtAHlBE,       S-pher^yU-arr^ir^pro-  opt'^aUy   active   isomendes   by   the   frac  u.nal 

pionic  acid,  a-amir^hydrocinr^mic  acid  c^stolhaat.op   of   the   cinchomne   salt   of   the 

!■  H   CM   CH(MH  \rn  H  benzoyl    derivative    (Fischer   and    Mouneyrat, 

t.,H,-tH,  CH(NH,)tO,H  j^^.  1900,  33,  2383),  or  the  brucine  salt  of  the 

was   discovered   in   the   etiolated   seedlings   of  formyl     derivative     (Fischer     and     Schoellet, 

iupfniH  JuJeu*(Schulze  and  Uarbieri,  Ber.  1879,  Annalen,    1907,    367,    1).     d- Phenylalanine    can 

12,  1924  ;    1881,  14.  1785),  and  occurs  in  many  be  obtained  by  the  selective  acUon  of  yeast  in 

other    germinating    plants    (Schulze,    Zeitsch.  a  aucroae  solution  on  dl -phenylalanine  (Ehrhi:b, 

physiol.  Chem.   1888,  12,  406;    1892,17,193;  Biochcm.  Zeitsch,  1908,  8,  438). 

1894,20,306;    1896,22,411;    1900,30,211).  l-PbeDyltlanlne    crystallises    in    anhydrous 

Wint«rBtein  {ibid.  1904,  41,  485)  found  it  among  shining  [dates  or  hydrated  needles  containing 

other  products  of  proteid  hydrolysis  in  Emmen-  4   p.c.   wat«r   (Scbuko   and   Winterstcin,   I.e.). 

tbolet   cheese  ;    and  Abderhalden  and   Barker  soluble  in  32'4  parts  of  water  at  25°,  m.p.  278° 

(iftid.  1904,  42,  624)  showed  that  it  occurs  in  the  (^„,,    ^^^   decomposition,    [a]?" -35-1°,  and 

unneof dogsBuaennglromphospburuspoisomna.  ,           ,.,,..                  ....    ,    "      ,^  , 

The    ntturally  <icurring  phenylalanine   (T-  hi"  »  sl'^btly  bitter  tsste  (Jisohc^and  Scboeller 

phenylalanine)  originates  &,m  the  protein   of  ^•=-i-     ^hc  copper  saii  (C.H..O,N),On  is  almost 

the   ^rminating    plant,   and   it   can    also    be  insoluble  in  water ;  the  AWracWo^w^ 

readily  obtained  by  the  hydrolysis  of  a  large  C,M„0,N,Ma 

number  of  proteids' (v.  Pb>iteins)  by  means  of  and   hydrubromidc  are  crystullinc  and  stable; 

hydrochloric  acid,  stunnuus  chloride,  or  baryta  the  ethyl  eitcr  C,H,,N-(;0,Et  is  an  nil  and  forma 

(Sohulie   and   Barbieri,    Ikr.    1883,    IB,   1711;  a  crystalline  hydrochloride  C,H,jNCO, El, HCl, 

Zeitach.  physiol.  Chum.  1884.  9,  03) ;  it  oocura  i  [a&  —7-0°  ;   (he  Jormyl  derivative  forms  sharp 

in  that  friction  of  the  e«terifiedpr^du  ,„^                 i(j-»   (^„,,    ^„d   ^as 

drolj-818  that  bolls  nt  1J0°-100°  ori  iniu.,  and  IS  ,,..„,..., 5     ,,      .       .          ,          '     „■ 
isolated  by  precipiUti,.ufroinlliemii.-,lesl,TaWn  -^'S-^   :    ^-c   br^cine   salt   erystulliscs   in 

by  meant  of  water  tt'iacber,  ibid.  1901,  33.  412),  warty  iuubscs  from  methyl  alcohol ;  the  binzoyl 
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The  absence  of  carbonates  makes  the  com- 
plete decomposition  of  this  phosphate  wfth  sul- 
phuric acid  troublesome  and  tedious  when 
operating  on  large  quantities. 

The  Spanish  variety  of  apatite,  called  also 
Bstramctdurite,  has  the  following  percentage 
composition : — 

Spanish  Phosphorite  (Voelker). 

Per  cent. 
Phosphoric  oxide         .         .         .        33*38 


Idme 
Magnesia    . 
Carbon  dioxide 
Sulphuric  oxide 
Ferric  oxide 
Alumina 
Fluorine     . 
SiliciouB  matter 
Water 


47-16 
trace. 
4-10 
0-57 
2-59 
0-89 
401 
3-71 
3*69 


phosphate.  This  is  not  a  high-class  phos- 
phate, like  some  of  those  considered,  nor  is 
it  very  free  from  iron  and  aluminium,  but  it 
has  the  property  of  being  eaoly  and  uniformly 
decomposed  when  treated  with  sulphuric  acid, 
and  is  of  very  regular  composition.  Charleston 
phosphate  is  found  in  the  beds  of  several  of 
the  rivers  and  on  the  lands  of  South  Carolina. 
The  river  phosphate  differs  slightly  from  that 
of  the  land  Both  in  colour  and  ^rdness ;  more- 
over, in  the  river  phosphate  the  iron  exists 
partly  as  pyrites,  while  in  the  land  phosphate  it 
exists  as  ferric  oxide.  The  river  variety  is  that 
usually  sent  to  this  country,  being  richer  in 
phosphates.  It  is  obtained  by  drodging  the 
river,  and  is  dried  by  hot  air  bciore  exportation. 

Charleston  Phosphate  (Beadman). 


100-00 

Another  phosphate  used  in  the  manufacture 
of  phosphorus  and  found  very  suitable,  both  on 
account  of  its  comparative  freedom  from  iron 
and  the  presence  of  a  certain  amount  of  carbon- 
ates, is  *  Sombrero  phosphate,'  obtained  from  the 
small  uninhabited  island  of  that  name  in  the 
Caribbean  Sea.     It  contains  the  following : — 


Sombrero  Phosphale, 

Phosphoric  oxide 

lime  .... 

Ferric  oxide  and  alumina     • 

Carbon  dioxide  . 

Silica         .... 

Alkaline  salts 

Water  and  loss  on  ignition  . 


Per  cent. 
3512 
61-33 
1-02 
7-40 
2-02 
0-42 
2-69 


Phosphoric  oxide 
Sulphuric  oxide 
Caroon  dioxide 
lime 

Bfagnesia    . 
Alumina 
Ferric  oxide 
Ferric  sulphide 
Alkaline  salts 
Fluorine,  Ac. 
Combing  water 

ignition  . 
Sand 
Moisture    . 


and 


loss 


on 


Per  cent. 
2717 

3-30 
4-96 
44-03 
0-37 
1-44 
0-43 
3-60 
0-87 
2-38 

4-60 
6-60 
1-26 

100-00 


100  OO 


French  phosphates  contain  from  50  to  75  p.c. 
of  calcium  phosphate.  The  high-class  qualities 
should  be  found  useful  in  this  manufacture. 
The  next  phosphate  to  be  referred  to  is  *  Redonda 
phosphate,*both  on  account  ot  its  high  percentage 
of  phosphoric  oxide,  its  low  price,  and  also  from 
the  fact  that  this  peculiar  mineral  has  been  the 
subject  of  many  patents  having  for  their  object 
the  utilisation  of  tne  phosphoric  oxide  it  contains. 
Redonda  phosphate,  like  Sombrero  phosphate, 
comes  from  the  West  Indies;  it  contains  no 
lime,  the  phosphoric  oxide  present  being  com- 
bined with  iron  and  aluminium. 


Eedonda  Phosphates 


Phosphoric  oxide 

Ferric  oxide 

Alumina 

Silicious  matter 

Organic  matter,  and  water 

of  combination 
Moisture 


T. 
35-47 

8-85 

2017 

9-70 

7-20\ 
18-61  f 


II. 

(Readman) 

39-71 

9*45 
20-90 

6-65 

22-86 


100-00        99-57 

The  processes  proposal  for  working  tluH 
phosphate  will  bo  reierrod  to  subsequently. 
The  last  mineral  phosphate  to  l>o  mentioned 
in  connection  with  this  part  of  the  subject 
is  what  is  known  in  the  market  as  Charleston 


This  enumeration  does  not  by  anv  means 
exhaust  the  various  phosphates  available  for  the 
production  of  phosphorus ;  but  the  list  here 
given  of  crude  materials  which  are,  or  which 
may  be,  employed  in  the  manufacture,  will  con- 
vey an  idea  of  the  resources  at  the  disposal 
of  phosphorus  makers. 

It  may  be  added  that  whichever  variety  of 
phosphatic  material  be  employed,  it  is  abso- 
lutely essential  to  reduce  it  to  a  very  fine  state 
of  division  as  a  preliminary  step  in  the  manu- 
facture of  phosphorus. 

Further,  it  must  be  remembered  that  the  pre- 
sence of  iron,  alumina,  magnesia,  and  alkaJis — 
as  also  any  excessive  amount  of  carbonates — is 
objectionable.  The  former  substances  are  dis- 
solved, to  a  great  extent,  during  the  sulphuric 
acid  treatment,  and  reappear  at  a  later  stage,  in 
the  phosphorus  retorts,  while  carbonates,  of 
course,  consume  their  equivalent  quantity  of 
sulphuric  acid,  and  thus  add  to  the  cost 
of  pro<luction. 

As  has  been  indicated,  however,  a  certain 
limited  quantity  of  calcium  carbonate  is  advan- 
tageous in  the  Rulphuric  acid  treatment,  as  it 
matcriaUy  assists  the  decomposition  of  the 
phosphatic  material  operated  upon. 

Tne  amount  of  calcium  carbonate  should  not 
exceed,  say,  10  to  12  p.c.  for  economical  work. 

Generally  speaking,  a  high-class  phosphate 
Hhould  bo  selected — one  containinc  at  least  70 
p.c.  of  calcium  phosphate.  Such  phospliates  are 
flow  ciisily  obtained  in  the  market,  and  the 
advantages  of  employing  them  are  very  great. 

With  n-spect  to  the  other  material  used  in 
the  manufacture  of  phosphorus  (at  least  in  ^ 
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(d)  ConcenircUion  of  phosphoric  acid  liquor 
from  the  filters.  This  may  be  acoompliahed 
either  in  shallow  rectangular  wooden  tanks, 
lined  with  10  lbs.  lead,  and  provided  with  lead 
pipes  (1|  in.  diameter,  and  20  lbs.  lead  to 
1  ft.)  through  which  high-pressure  steam  is 
allowed  to  pass ;  or  it  may  be  performed  in  a 
cast-iron  saucer-shaped  pan,  also  lined  with  lea^l 
and  having  steam  coils  as  before.  Daring  eva- 
poration the  liquor  is  maintained  in  motion  by 
an  agitator,  provided  with  arms,  and  driven  as 
usual  by  power.  The  latter  system  is  the  one 
to  be  preferred.  Agitation  of  the  liquor  during 
concentration,  besides  hastening  the  evaporation, 
prevents  the  accumulation  of  gypsum  on  the 
steam  coils,  a  result  which  invariably  occurs  in 
any  unstirred  evaporator.  Such  deposit,  if 
allowed  to  form,  becomes  extremely  hard  and 
difficult  to  remove  without  injury  to  the  lead 
pipes. 

The  stronger  phosphoric  acid  from  the  filters 


— ^that  above  10**Twad. — ^is  allowed  to  flow  by 
gravitation  from  the  stock  tank  to  the  evapora- 
tor, to  be  concentrated  till  the  clear  yellow- 
coloured  phosphoric  acid  attains  a  strength  of 
from  66°TwacL  to  lOO'Twad.  (sp.gr.  1-326  to 
1-600),  according — as  will  be  immediately  ex- 
plfidned — ^to  the  selected  method  of  subsequent 
treatment.  During  the  evaporation  nearly  all 
the  calcium  sulphate  held  in  solution  is  pre- 
cipitated, so  that  the  concentrated  acid  liquor 
retains  only  a  very  small  quantity  of  lime. 
Almost  all  of  this  lime  ultimately  deposits  as 
sulphate  after  settling  in  the  stock  tank.  As  the 
phosphoric  acid  liquor  becomes  more  and  more 
concentrated,  some  of  the  free  sulphuric  acid 
which  may  bo  present  is  expelled  during  the 
evaporation — the  steam  or  vapour  from  the 
evaporator  havinfi;  frequently  a  strong  acid 
reaction.  The  following  are  some  analyses  of 
phosphoric  acid  liquors  at  various  strengths 
made  from  phosphates  which  are  not  named  : — 


58T?. 

19-30 
4-68 
2-47 
1-92 

71-63 

69"T. 

Strength 

72T. 

86°T. 

90PT. 

36-44 

4-80 

1-39 

3-61 

trace 

63-76 

Uncorabined  phosphoric  acid  (PjOg)    . 
Combined  phosphoric  acid  (PiO^) 
Sulphuric  acid  (SO,) 
Alumina  and  ferric  oxide,  &c.     . 
Lime        ...... 

Water 

27-60 
3-61 
1-40 
2-66 
1-00 

63-83 

T 100-00 

29-20  i 
3-60 
0-70 

1       66-60 

1 

34-02 
4-40 

3-26 

0-84 

67-48 

100-00 

100-00 

100-00 

100-00 

The  gypsum  deposited  in  the  evaporators 
or  in  the  stock  tanlc  may  either  be  washed  by 
itself  on  a  small  filter,  or  it  may  be  removed  to 
the  large  acid  filter,  ani  be  washed  along  with 
the  sludge  from  the  decomposer.  If  conveniently 
situated,  the  latter  is  the  more  economical 
method. 

The  concentrated  acid  is  cooled  in  lead-lined 
store  tanks,  where,  as  has  been  said,  the  last 
traces  of  calcium  sulphate  are  deposited,  and 
the  acid  is  then  ready  for  the  next  operation  of 
mixing  with  carbon  and  drying. 

(c)  Mixture  for  the  retorts.  The  concen- 
trated phosphoric  acid  may  now  be  mixed  with 
coarsely-ground  wood  charcoal,  coke,  or  saw- 
dust, and  carefully  dried  in  a  cast-iron  pot  or 
muffle  furnace.  Sawdust  absorbs  a  large 
quantity  of  liquor,  so  that  when  it  is  employed 
concentration  of  the  acid  liquor  to  the  minimum 
sp.gr.  of  1-320  is  permissible,  and,  when  thus 
saturated,  it  can  be  easily  handled  >%*ithout  loss 
through  sweating;. 

On  the  other  hand,  its  greater  bulk  and  low 
specific  gravity  present  objectionable  features. 
If  sawdust  be  employed,  the  mixing  may  l)e 
accomplished  on  a  clean  brick  or  asphalt  floor 
and  the  wet  charge  can  then  bo  carefully  charred 
in  a  well-built  muffle  furnace. 

If  coke  or  charcoal  be  used,  the  preliminary 
concentration  of  the  phosphoric  acid  to  a  syrupy 
consistence  is  indispenMahle,  and  the  mixing 
should  l>e  dcme  in  a  csust-iron  |x»t,  in  which  the 
charge  is  sulwequently  dried  l>y  iirc-hcnt  from 
l)eneath.  The  amount  of  fixed  rarlH>n  required 
is  about  26  p.c.  by  weight  of  the  concentrated 


I  acid  liquor.     Great  care  must  be  taken  with  the 
'  drying  of  the  charge.     The  heat  must  be  regular 

and  not  too  high,  and  when  it  is  completed  the 
I  charred  mass  must  be  carefully  preserved  from 
,  air  in   malleable   or  cast-iron   boxes  provided 

with  closely-fitting  lids,  and  conveniently 
j  situated  for  the  retorts. 

( / )  The  description  of  the  clay  retorts^  their 

manufacture^  and  detnils  of  the  clay  employed, 
:  The  retorts  in  which  the  charred    mixture  is 

distilled    are    made    of    Stourbridge    fireclay. 

The  retorts  are  shaped  much  like  a  large  bottle. 

The  accompanying  sectional  sketch  will  show 
.  the  appearance  they  present. 


B 


Fio.  1. — Phosphorus  Retort  made  of 
Stourbridoe  Clay. 

The  total  length  a  to  B  is  3  ft.  The  in- 
,  ternnl  diameter  is  about  8  ins.  The  clay  is 
about  1  in.  thick,  except  at  B,  where  it  is  about 
IJ  ins.  The  neck  is  gradually  tapered  from 
c  to  A,  where  the  internal  diameter  is  3  ins. 
Into  this  narrow  orifice  a  2-inch  mal.  iron  pipe 
leading  to  the  condenser  is  luted,  and  can  oe 
easily  removed  to  empty  and  charge  the  retorts. 
The  retorts  should  be  made  at  the  phos- 
phorus works  ;  the  clay  employe<l  is  such  as  is 
used  for  glass-h<»use  pots,  and  is  t^)lerably  free 
from  inm,  rich  in  silira,  and  comparativel}-  low 
in  alumina.  The  clay,  as  generally  suppl'eil 
from  Stourbridge,  has  previously  unclergone  the 
operation  of  *  weatheT\T\%'  lox  ts\».tv^  Tas>TvV>Dk». 
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Mtucic  and  Johaimii*!!,  ibid,  10U8,  41,  1593).     It  Phospboryl       nitride       {phosphomonamide) 

VftrlM  lu  uoluur  from  pure  whito  to  dark  red,  PON  is  obtained  when  phosphamide  is  heated 

aoourdiug  to  tlio  time  uflioatiiig  in  it«  preparation  to  redness  out  of  contact  with  air.    Several 

and  hM  Mp.gr.  of  2'Al  at  18".     At  the  ordinary  phosphamic     aoids,     and     amides     containing 

temperature  It  is  inavtivu»  but  acts  as  a  powerful  ohlonne»  are  also  known  {v.  Gladstone,  Chem. 

reduoliig  aucnt  at  a  high  temperature.     It  is  Soc.  Trans.  1864,  225 ;    1865,  1 ;    1866,  1  and 

dMUimposeu  bv  many  metals  and  by  water  at  200:    Salzmann,   Ber.    1874,   7,  494;    Winter, 

180***     When  ueatod  in  chlorine  or  oxygon  it  J.  Amer.  Chem.  Soc.  1904,  26,  1484 ;   Stokes, 

takes  lire.  Amor.  Chem.  J.  19,  782). 

PhOiplUUII    PN|II(?)    is    obtained    as     an 

Amorphous,  light,  whito  powder,  Insoluble  in  Compounds  of  phosphorus  and 

water  and  infusible  at  a  red  heat,  when  the  sulphur. 

prixiuot  of  the  reaction  of  ammonia  on  phos-  Several  liquid  and  solid  sulphides,  all  of 

phorus  i>ontaclUoride  is  heated  in  the  absence  which  are  verv  inflammable  and  more  fusible 

of  air  until  fumiui  of  ammonium  chloride  cease  than  either  oi  the  constituent  elements^  are 

U>  be  ev(4ved  (Uesson,  Compt.  rend.  1892,  114,  known.     The   liquids   SP4  and   SP,   are   not 

U64)    l)(^n  and   Rossot,    ibid.    1908,    146,  compounds  but  only  solutions  of  sulphur  in 

1149).     Wlien  dry,  it  is  oxidised  by  heating  phosphorus  (Boulouch,  CJompt.  rend.  1902,  136, 

In    air,    ovoiving   wliite  fumes ;  if   previously  165 ;   Stock  and  Bezhdd,  Ber.  1908,  41,  657 ; 

moistened  it  decomposes  thus :  Stock,  ibid.  1909, 42, 2062).    The  solid  sulphides, 

3PIIN,  f.9H,O-3HPO,+0NH,.  J*«S„  P,S„  and  P^,  are  obtained  bv  carefuDy 

PhOtphonunHIt  1\NU,),  is  obtained!  by  the  ^t*,^™?:;^,^::!  ^^  iZl^^^^T^t^ 

aoUon  tifammonia  on  phosphorus  tribromide  or  ^^"^  composition  P^,  (I>?PJf )  ^"^  £«f  »•  (^™: 

T^n^u  I-   -*       ?iw  I  n«««r    r\;«:«r  ™  1    1  j^^i  !»«»»  Gmehn*s  Handb.  2,  218)  has  been  assigned 

orystab  are  merely  sulphur 
Lorus  (c/.  Boulouch,  Compt. 

U  a  whit;  powxier  o\>taikea  by  the  iujUoi  of  Watef  W^osphonis   pentisolpbide   P,S^   which  is 

*L        *^     A    v!T^^  Yr         •*'«^«*  V*  «f«Mrt  emploved  in  the  preparation  of  orsamc  sulphur 

im  %he  pc\Hiuct  of  the  aoUon  ol  ammonia  on  l7!*!":„2*j'    i^  r^^u^^ZivL  «.»flv  k««ti^«  • 

*^*sT**^**s"'i^**s)t^*s+*^**4^  amorphous  phosphorus.     A  small  portion  of  the 

<Mld                                           ^  mixture  is  first  heated  in  a  stream  of  carbon 

(NUg)gPCt«+HgO«POvXU)NHt+3UCl.  dioxide  until  reaction  sets  in.     The  source  of 

Pll»I^IWI|l       tftamiit        {pko^akohiamide)  heat  is  then  removed  and  the  rest  of  the  mixture 
IHH^^aU  ^*  *  whiVfr  amorphous  powder  obtained  1  is  addeil  in  small  quantities.     After  cooling,  the 

by  the  aelioa  of  dry  ammonia  on  phi^phv^rus  mass  is  extracted  with  boiling  carbon  disolphide 

KU^^hkvide  t^'hitf,   ZenUciL  offentL  Chem.  5,  (Stock  and  Scharfenberg,  Ber.   190^  41,  55$). 

MMV  The  prvxluot  forms  a  greyish-yellow  crystalline 

Hwiflnnn  <tfWt  POU(NH,>,  is  obtained  mass,  which  mav  be  obtained  in  tnnsparrnt 

by  U^  aclKHOi  of  amm^Maia  on  a  solution  of  crv^tals  bv  sublimation.     According  to  Stock 

plKMitplkvrus  oxkle  in  el^«r  or  beuaeoe.     It  is  a  and  Thiel*  vBer.    1905,   3$.  2T19\   the  penta- 

whiu^  |N>«\ler  whkh  diasolx'es  in  water  with  sulphide  exists  in  at  least  two  modifications^ 

iiK>aiidM««NEK>e  aad  is  rioleiitly  d«v\>mpoMd  by  The   ordinary-    compound   melts   at   274^-276' 

diUiM*   b^xlivvhi^vW   acid.   Ivvrming   ptkivifiiine.  v^^vvr,  i^ii.'  1S79,  1:^  610',  and  KmIs  at  51^ 

|4M|ifeKvnc  attd  |4ivvpbo(vH»  acids^  ammvvuum  at  734  mm.  po»$uiY  v^«^^d;3^''bmkit«  ifr*^  18^2. 

«Mwt\W  and  pbos|.^>rtts  \Tborpe  and  Tut  ton.  15»   3m  V     The    vnher    mvxiiccauoa    mehs   a: 

CWm.  ;$osv  T)RMiEk  ISSi^U  UtSTV  aK^t  25^ \  15  mv^Df  si.>luUe  in  cdkrlvo  duatnhxle 

MiapbMriili  mM  or  «MiiiplMfk«te  adi  a&vi  csn  be  obtained  by  the  dbtiilauoci  ol  the 

IWNHtvOHV  ^  KwvMd  by  the  action  of  diy  vwdinsry  sulphxiir  t«  rAra«*  aad  rsptdtr  cvxili&c 

anaifcoma  v>a  fhsMphonM  p«»atkxxide  \Kklta«  IW.  the  pcvvvjvt  ^^uvk  aai  SohjkHeabec^  IcL 

I^^SHi  :{T«  1:^3^ *  ^ ;  or  t2s»  i^^taitwum  »lt  of  the  acid  Phv^^h.'ni^  mi:asulph>ie  dstsohT^  in  liq;iid 

is  v^b«usMd  by  ite  acticm  ol  potassium  b^dxvxxide  auuioiiu  fxYtvLis,*:  anisx  cU  t hwri H: ^>fphfc;e 

sHi  the  vv>cr(i^>e»iQ^  phM^ ester,  the  in^e  acid  vv-a}|VH^:>is    trcrl    vh^^^    iaiact^"fff> :wpk'<y 

Wo^  fvcawd  bv  the  devv■l|p^Mttk«l  vxf  the  le«sd  Aoi  ha^  S^eQ  oNu:aed  v>^wvk.  Ker."  IM^  3i^ 

or  sfebriK  sah   bv  sttJEphuvtted   h^xiiv'^en  axM  l^T . 

I^Ktfstatu^  it  tKWL  the  eltnve  vtth  akvh^x  FiNqphtras  sas^irialpfeMt  P«5<s  kY?»  shce- 

^^>hMk  Awe.  C^fOL  JL  l:s«S<  KV  1*^;  l^  KM .  bic  pr.dc?^  r:^.?.   IeJ?-\  Kr^  Jsji**.     li  s  «»«iy 

h  ioctts  «x\kHK£Wi»  33LX'tvMkVf^^  ;:xiAa;r,jfcK.e    A^iai.    15    di^^.«vy    ieccai|v-iMd    by 

ttMMlteflhHVtertf  Mil  1\>NH«\0H.  ;^  a  CtiK;:!.  ^v.  IVv.   ::<<^  I:!:*;    •>«&.  lATSL  SI: 

trr>^MaJI:ae  cv^(K^<^(Uid  c^sa;aM^  :3  t^  «tsx«  «^x  XU;  j^nd  Sc^dSfc.    Nfc.    lA^   ;^   >Tii>«    Ihe 

Scft  th»  *,Ts(>p.»t3^  jK-si    ^>^vbnk    Sf?     *.>5Hv  -",  .vatsurc,  jC    tcxv^-:    *.sj<cl3h»    «va«s3»   fr«e 

jittV     U  rs*r»s  tjtf  «j«\c  jaCfe  vNH-  ^):VO.\^  '.•^•^^c-i;*^  ':2>?    x-cr^cv.>f    .c    v^*;i    .tax    Sp 

A  «a:ttMc  ci  iTSAi.'  riikvi^iikrc^-   *»^v^  ijk>tv  :Jx»  si..v..\.o\»  *^  ve^  -  y^*.«c,»t.-  ri.^  j*  Tr^niita&.  tte 

a)i»^   b«*«t   vor^NCei    ,:fe»:*5e<iv    Awvc.    vSrvxr.    ,v  ^^:«Ki.-7.;\.4c^  ».,.  ^wr,*  »-;i  *  ^-.v:  i-^jm. 
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former.  Should  tlie  bath  be  too  acid  after 
making,  a  litUe  sodium  carbonate  may  be  added. 
The  following  are  convenient  quantities  for  the 
preparation  of  larger  amounts  oi  bath  solution — 

For        For  positives 
negatives  and  ferrotypes 
Silver  nitrate  (reorystallised)  6  oz.  6  oz. 

Distilled  water  .  80  oz.  80  oz. 

Nitric  acid  .10  min.       12  min. 

Saturate  with  an  iodide  as  before  described, 
and  filter. 

DevehpmerU  of  the  latent  image.  The  che- 
mistry of  the  action  of  the  wet  plate  process 
has  been  already  indicated.  It  is  only  necessary 
now  to  give  formulas  best  adapted  to  tKe 
development  of  the  image.  Those  relate  par- 
ticularly to  the  acid  development  collodion 
process. 

The  following  table  gives  the  quantities 
necessary  for  some  useful  iron  developers  for 
wet  platos : — 


Ferrous  sulphate 
Ammonlo-ferroas 

«alphate 
Ck)pper  sulphate 
Bariiun  nitrate  ■ 
Acetic  acid 
Alcohol 
Nitric  acid 
Water 


75  grs.  1 180  grs.  100  srs.;   — 

—  I   —     —   !  126  grs. 

—  —    50  grs.   — 

—  120grs.   —     — 
120  min.  120  mbi.  100  min. '  125  min. 

—   100  .,  1125  „ 


120  ,. 
3  .. 
5  oz. 


10  min. 
5  OK. 


5  OS.   5  01. 


In  the  wet-plate  process  the  development 
may  be  carried  out  by  pouring  a  sufficient 
quantity  of  the  fluid  over  the  plate,  or  the 
plate  may  be  immersed  in  a  dish  as  in  the  case 
of  dry  plates.  When  sufficient  detail  has  made 
its  appearance,  the  excess  of  developer  is  washed 
off  by  a  stream  of  water. 

Intensification  of  wet  jjlaten.  When  the 
density  of  the  negative  is  not  sufficient  for 
printing  purposes,  it  may  be  strengthened  by 
pouring  over  the  plate  a  sufficient  quantity  of 
(hither  of  the  following  solutions : 

a  b 

Pyrogallol  .         .     '    .   10  grs.  — 

Citric  acid           .         .  20  grs.  50  grs. 

Ferrous  sulphate          .       —  25  grs. 

Water                           .     5  oz.  5  oz. 

After  the  plate  has  been  thoroughly  mois- 
tened with  the  solution,  the  latter  is  poured 
back  into  the  developing-glass  and  a  few  drops 
of  a  10-grain  solution  ofulver  nitrate  added  to 
it.  On  re-flooding  the  plate  with  the  mixture, 
the  image  will  gradually  gain  in  density.  Other 
substances  may  be  employed  as  intensiflers, 
some  of  which  will  bo  mentioned  in  connection 
with  dry  plates,  but  for  a  full  description  of  the 
various  lormulaa  text -books  on  pnotography 
must  be  consulted. 

Fixing,  To  remove  the  unacted-upon  silver 
salt,  sodium  thiosulphate  or  potassium  cyanide 
maybe  employe<l ;  the  solution  beinc;  contained 
in  a  flat  dish,  or  in  an  upri>;ht  bath  provided 
with  a  dipper.  The  following  quantiticii  are 
those  generally  employed  for  plates — 

a 

So<lium  thiosulphate  4  oz. 

Water  .         .  .20  oz. 

'  The  insoluble  barl«im  sulphate  formed  In  filtered 
off ;  ft  is  suitable  for  posit i\'e4. 


Potassium  cyanide. 
Water  . 


b 
120  grs. 

60K. 


a  is  preferred  for  nej^atives,  h  for  positives. 
Great  care  is  required  in  the  employment  of 
the  latter  salt  on  account  of  its  very  poisonous 
character. 

Varnishes, — ^For  the  protection  of  films  they 
should  be  covered  with  a  coating  of  varnish  as 
clear  and  as  hard  as  possible,  to  prevent  damage 
during  the  operation  of  printing.  These  var- 
nishes are  resins  dissolved  in  such  solvents  as 
alcohol,  benzene,  or  chloroform.  The  composi- 
tion of  some  of  these  is  kept  secret,  but  the 
quantities  given  in  the  next  column  yield  good 
material  for  ordinary  work. 

a  and  e  are  suitable  for  negatives,  c  being 
very  hard  and  durable,  b  may  he  rubbed  ofi  for 
retouching  the  negative,  and  should  not  be  used 
when  great  permanency  is  required.  For  further 
details  with  regard  to  photographic  varmshes  v, 
Vabitish. 


Shellao 

Sandarao    . 

Mastic         .         . 

White  hard  varnish  i 

Camphor     . 

Oil  of  lavender    . 

Chloroform 

Oil  of  turpentine . 

Venice  turpentine 

Alcohol 


150  gr. 
150 
60 


»t 


>» 


3gr. 


Idr. 
{dr. 
5oz. 


b 

0 

384  gr. 

— 

— 

30K. 

5  dr. 

— 

2  ,. 

^^ 

5  01. 

5oz. 

—    430gr. 

Idr. 
3  dr. 
5  oz. 


Dry  Plate  Peooissis. 

CoUodion  emvlsion.  Next  to  the  wet  plate 
process  come  the  more  modem  or  emulsion 
processes,  which  may  conveniently  be  divided 
into  those  containing  collodion,  and  those  con- 
taining gelatin  as  the  thickening  medium  in 
the  emulsion.  Gelatin  emulsions  are  now  the 
most  important ;  but,  the  others  being  useful  for 
certain  purposes,  the  production  of  a  collodion 
emulsion  is  briefly  described  before  proceeding 
to  those  in  which  gelatin  is  employed. 

The  plates  having  been  prepared  and  edged, 
if   necessary,  as  previously  described,  mav  be 
coated  with  an  emulsion  prepared  in  the  follow- 
ing manner.    The  plain  collodion  may  be  made 
by  dissolving  200  grains  of  ordinary  pvroxyline 
in  5  ounces  of  alcohol  (sp.gr.  0*820)  mixed  with 
10  ounces  of   ether  (sp.gr.  0-730).     To  make, 
say,  1  pint  of  emulsion  from  this,  after  the  final 
!  treatment    of   emulsiflcation,   drying,  washing, 
and  re-emulsifying  has  been  gone  through,  we 
may  take  7|  ounces,  or  the  half  of  the  collodion 
prepared.     zOO  grains  of  zinc  bromide  are  next 
weighed  out  in  two  portions  of  100  grains  each, 
one  of  these  portions  being  dissolved   in  the 
smallest  quantity  of  alcohol ;  4  or  5  drops  of  nitric 
acid  are  added  to  the  solution,  and  then  poured 
into  the  collmlion.     The  second  100  grains  ar«i 
diflRolved  in  a  boiling  tube  in  alcohol,  10  drops  of 
nitric  acid  added,  and  kept  ready  for  use.    Next 
330  grains  of  silver  nitrate  are  weighed  out  and 
dissolved  in  about  5  to  6  drs.  of  water,  and  10 
drops  of  nitric  acid  added  to  the  soIwIngtv.    'Yvn 
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mixture  .to  cool,  the  emulsion  is  found  pre- 
cipitated at  the  bottom  of  the  vessel.  The 
precipitated  emulsion  can  then  be  washed 
m  a  stream  of  water,  and  transferred  to  a 
covered  pot  until  required  for  coating  the  plates. 
The  numbers  just  given  will  be  found  con- 
venient for  a  beginner  making  an  emulsion  for 


the  first  time,  and  yield  one  of  moderate  rapidity. 
The  following  table  gives  a  selected  series  of 
emulsions  suitable  for  different  purposes.  Nos. 
I;  and  II.  are  of  different  degrees  of  rapidity,  the 
first  yielding  a  material  suitable  for  landscapes, 
when  no  great  rapidity  is  required  :  the  second 
deals  with  an  emulsion  of  greater  sensitiveness. 


Table  of  Vabious  Gelatiko-Bbohidb  Emxtlsions. 


I. 

n. 

III. 

IV. 

V. 

VI. 

^Silver  nitrate     . 

200  grains 

200  grains 

400  grains 

200  grains 

330  grains 

462  grains 

Distilled  water  . 

3  ounces 

3  ounces 

7  ounces 

3  ounces      3  ounces 

10  ounces 

A 

(sufficient ) 

(sufficient  | 

Ammonia  (*880) 

■ 

~~~ 

1    to  dis-  [ 
1  solve  ppt.) 

~-~ 

^— 

<  to  dis-    [ 
(solve  ppt.) 

/Ammonium  iodide 

— 

— 

24  grains 

— 

—                _^ 

/Ammonium  bromide  . 

280  grains 

120  grains 

200  grains          —        i 

Potassium  bromide    . 

160  grains 

165  grains 

— 

— 

370  grains 

j>j  Gelatin    (Nelson's      } 
^          No.  1)        .         ( 

40  grains 

30  grains 

80  grains 

30  grains 

218  grains 

615  grains 

Hydrochloric  acid      > 
(1  p.c.  BoL)          S 
\Distilled  water  . 

200  mins. 

— 

1 
1 

1                    1 

2}  ounces 

2^  ounces 

5i  ounces 

4  ounces 

3  ounces 

10  ounces 

^  /Potassium  iodide 
^\ Distilled  water. 

12  grains 

6  grains 

— 

— 

— 

i  ounce 

J  ounce 

— 

— 

French  gelatin  . 
D  Hard  gelatin 

— > 

— 

— 

218  grains 

__ 

300  grains 

250  grains 

— 

200  grains 

— 

— 

Water 

4  ounces 

3  ounces 

^— 

3  ounces 

^Methylated  spirit 
E\  Salicylic  acid 

1               ^^^ 

— 

2^  ounces 

— 

— . 

_ 

~ 

■^■^ 

25  grains 

^a^^im 

"^■" 

""~ 

For  more  detailed  information  regarding  the 
manufacture,  ripening.  &c.,  of  gelatin  emuIsionF 
the  various  text-books  on  photography  must  be 
consulted. 

For  coating  ordinary-sized  plates  with  emul- 
sion on  a  smaU  scale  the  following  method  may 
be  employed.  The  plate  must  be  laid  on  a  very 
accurately-levelled  stand  or  tripod.  A  quantity 
of  emulsion  sufficient  to  cover  nearly  half  the 
plate  is  poured  on  the  middle  of  it ;  a  glass  rod 
about  2  ins.  longer  than  the  width  of  the  plate 
is  then  grasped  between  the  fingers  and  thumbs 
of  both  nands,  dipped  across  the  plate,  into  the 
middle  of  the  pool  of  emulsion,  and  steadily 
moved  first  to  one  end  and  then  to  the  other  of  the 
plate.  By  a  motion  of  the  finger  and  thumb 
the  rod  can  be  raised  a  slight  distance  from  the 
plate,  so  as  to  allow  the  emulsion  to  coat 
smoothly,  and,  by  resting  the  tips  of  the  finger 
and  thumb  upon  the  levelled  slab,  a  guidmg 
motion  may  be  given  to  the  rod.  In  the  large 
manufactories  many  mechanical  arrangements 
are  em^doyed  to  facilitate  rapid  coating  of  the 
plates. 

When  the  emulsion  is  thoroughly  set  on  the 
plates,  they  are  removed  from  the  level  slab  to  a 
suitable  rack  to  undergo  a  thorough  drying  pro- 
cess. This  is  most  conveniently  done  in  a 
specially-constructed  drying-box  with  a  current 
of  air  artificiallv  heated  from  the  outside  passing 
through  it.  The  artificial  heating  of  the  air  is 
unnecessary  if  the  air-passages  arc  sufficiently 
large  and  properly  arranged. 

The  piat^  will  take  from  12  to  48  hours 
to  dry,  according  to  circumstances,  and  may 
then  be  packed  until  required  for  use. 


Ortho  •  chromatic  photography.  On  com- 
paring the  curves  inmcating  the  intensities  of 
the  visual  and  the  photographed  spectrum,  it  will 
be  at  once  observed  that  very  little  relation  exists 
between  them,  the  visual  intensity  being  greatest 
about  the  points  D  and  C,  and  the  photographic 
intensity  about  the  point  G  in  the  spectrum, 
gradually  diminishing  to  the  points  marked 
F  and  E  (Fig.  6). 

The  object  of  ortho-chromatic  photography  is 
by  the  use  of  certain  dyes  introauced  into  the 
sensitive  material  to  bring  the  visual  and  the 
photographic  intensity  as  much  into  harmony 
as  possible.  This  unison  may  be  partially 
brought  about  by  the  introduction  into  the 
photographic  film  of  substances  such  as  eosin, 
erythrosin,  rose  of  Bengal,  cyanin,  &c. 

The  most  important  work  in  the  direction  of 
ortho-chromatic  photographv  has  been  carri^ 
out  by  Becquerel,  Eder,  and  Vogel  on  the  con- 
tinent :  Gary  Lea  in  America,  and  by  Abney, 
Waterhouse,  and  C.  H.  Bothamlcy  in  this 
country.  The  dj'cs  are  now  generally  incorpor- 
ated with  the  sensitive  film,  but  may  also  be 
used  in  the  form  of  screens  placed  in  close 
juxtaposition  to  the  plate. 

The  amount  of  dye  employed  must  be 
small,  as  the  effect  is  destroyed  by  large 
quantities.  When  mixed  with  the  emulsion  it 
is  generally  found  l>cst  to  employ  about  16-30 
min.  for  every  600  c.c.  of  emulsion  ;  but  when 
the  sensitive  plate  is  dipped  in  the  dj'e  a  solution 
of  1  part  of  dye  in  20,000  of  water  is  sufficient. 

Orthochromatic  plates  may  be  divided  into 

(1)  those  sensitive  to  the  green  and  yellow  rays, 

(2)  to  orange  and  rod  ray  a,  Mid  VJV^  Vo  V)tkft  fsckXAsa 
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speatrnin     (paaahioiiutio).    Them    are    many    porti&l 
■ensitiTe  subetanoeB  amplojred,  but  the  following    plate  irith  the 
table   (bow)   gome   of   those    most   commonly    red  ray». 


la  extending  into  tbo 


— 

• 

ft 

. 

Brrthioaln 

flrulne     blue     («tlwri 

_ 

Ip. 

_ 

ilI^^'-w**"!    : 

£4oz. 

~ 

(a)  is  suitable  for  the  green-yellow  rc^on. 
and  if  the  plate  be  ooatea  with  the  sensitiser 
by  dipping,  it  should  be  used  within  a  few 
days,  (b)  is  for  the  red  region.  Theae  plat«a 
tiotn  their  seoBitiveness  most  be  prepared 
pnotically  in  the  dark,  (e)  is  for  green  and 
Dlne-gieeD  rays.  The  anracine  is  dissolved  in 
boiling  water,  loitered,  and  the  ammonia  added 
to  the  oooled  solution.  This  solution  iednc:es 
the  speed  of  the  plate. 

Tor  panohromatio  plates  the  two  following 
solutions  may  be  used  :  (i)  olooholic  solution  of 
pinaohrome  (1;1000);  ammonia  (0'880),  6 
miu. ;  water,  I  oz. ;  (e)  alcubolio  solution  of 
homocol  (1 :  1000) ;  ammonia,  10  min. ;  water, 
loi. 

Special  oaie  must  be  taken  in  preparing  these 
plates,  whioh  should  be  done  somewEiat  quickly, 
and  in  the  dark. 


y. 

^ 

^ 

^-^ 

N 

Spectrum   of  Isochromalic  P/ste 
Flo.  '!(o). 

12         3          15          6          7 

^ 

^ 

_ 

_^ 

■"- 

'■ 

\ 

1  greon,  aoridine  orange  without  ammonia. 
For  green  and  yellow  (but  not  red)  ecythrosin 
as^bove.  Green,  yellow  and  rod,  orthochromc, 
pinaverdol,  pinaohrome  or  homoool.  Extreme 
visible  red,  pinacyanol.    Infra-red,  dioyanine. 

The  following  curves,  taken  from  Botham- 
ley's  pspcra  on  this  subject,  show  the  incroaaed 
sensitiveness  produced  by  some  of  these  dyes 
in  the  portion  of  the  speotrum  lying  between 
A  and  E  :— 


Visual  Intensity. 


ery^rosln. 
Amtnonlai'iil 


Spectrum  of  Panchromatic  /Vafe 
Fid.  7(6). 

Tbo  chief  use  for  plates  so  sensitised  m4I1  be 
found  in  the  copying  of  pictures,  llowcts,  or 
distinct  patterns  of  different  colours,  where  as 
much  harmony  as  possible  is  required  between 
the  visual  and  photographic  effect,  but  they  will 
also  prov?  useful  in  harmonising  contrasts 
sometimes  found  in  portraiture. 

For  detailed  information  on  ortbo'cbiomatjo 
photography  special  papers  relating  to  the 
subject  should  be  consulted. 

Devblofhxrt  of  Dky  Platbh. 
The  development  of  dry  plates  produced 
either  by  collodion  or  gelatin  emulsion  ia 
carried  out  either  by  iron-salts — such  as  ferrous 
oxalate  or  ferrous  oitro-oxalate — or  by  what 
ia  termed  '  alkaline  development,'  in  which 
pyrogallol,  bydroquinone,  amidol,  or  some  other 
organic -reducing  agent,  associated  with  the 
bromides  of  potassium  or  ammonium  as  retarders, 
and  with  ammonia,  or  the  carl>onatea  of  potas- 
sium or  sodium,  as  accelerators  of  the  reducing 

DtvdopmtrU  wiA  JerroM  oxalate.  This 
method  is  simple  for  ordinary  dry  plates,  and 
may  be  employed  for  negatives  on  paper,  or  , 
enlargements  oa  gelatine -bromide  paper,  but 
it  does  not  permit  correction  of  inaccurate 
exposure  to  such  an  extent  as  the  pyro-de- 
velopcf.    The  ferrous  oxalate  developer  may  be 

Srepsred  by  adding  1  volume  of  a  saturated 
trrous  sulphate  solution  lo  4  volumes  of  a 
saturated  solution  of  potas!>iuni  oxalate.  Such 
solutions  are  obtained  by  dis.aoIving  4  oz.  of 
neutral  potassium  oialato  and  R  az.  ferrous 
sulphate  separately,  each  in  10  oi.  of  water. 
A  solution  of  potassium  bromide,  containing 
20  grs.  bromide  lo  the  oz.  of  water,  should  also 
be  made  :  of  this,  about  4  (trope  should  be  taken 
for  every  21  oi.  of  developer.  The  ferrous 
oxalate  developer  is  specially  applicable  in  the 
development  of  transparencies  or  positives 
mode  withgelatino-chloridcorcflllodio-chloriodo 
emulsions.  It  is.  however,  generally  found 
better  for  this  last-named  emiilHion  to  employ 
a  ferrous-oitro-oxalatp,  or  ferrous  citrate  de- 
veloper, n'ith  which,  liy  varying  thi;  amount  of 
the  acceirralor.  graduatcil  lonPK  may  bo  given  to 
the  transparency.  The  quanliliea  given  in  the 
following  taliie  miy  bo  regarded  om  good  standard 
quantities  lo  bo  selected  from  : — 
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In  many  oases  the  organic  developer  and  the    one  solution.    The  following  may  be  taken  as 
alkaline  accelerator  may  be  mixed  together  in    typical  developers  of  this  claisB  : — 


^1 


Eikinogen 


Glycin 

Hydroquinone 

fiFormaun 

o|  Metol  . 

^  [  p.  •  Aminophenol 

;  (Sodium  carbonate 

„       sulphite     . 

Potassium  carbonate 

.,        bromide 

„        metabisulphite 

Water  .... 


§ 


120  gr.         — 
160  gr. 


240  gr. 
480  gr. 


10  oz. 


240  gr. 
800  gr. 


10  oz. 


e 

d 

0 

60  gr. 

66  gr. 
IJdr.fl. 

76  gr. 

720  gr. 
360  gr. 

1440  gr. 

840  gr. 
600  gr. 

— 

__^ 

8gr. 

10  oz. 

10  oz. 

10  oz. 

25  gr. 

18  gr.  — 

480  gr. 
360  gr. 
480  gr. 


10  oz. 


1440  gr. 
10  oz. 


As  a  rule  these  developers  should  be  diluted 
with  an  equal  quantity  of  water  immediately 
before  developing.  With  developer  (e)  for 
portrait  take  equal  parts  of  stock  solution  and 
water ;  for  landscapes  1  part  of  stock  to  2  of 
water. 

The  glycin  developer  (b)  is  a  slow  developer, 
but  particularly  suitable  for  'stand  develop- 
ment.' 

In  commencing  the  development  of  a  plate 
it  is  better  to  begm  with  a  less  quantity  of  the 
accelerator  than  the  full  amount  stated,  and 
gradually  add  the  remainder  as  development 
advances. 

The  darkening  of  the  film  when  the  alkaline 
pyrogaUol  developer  is  used  must  not  be  allowed 
to  go  on  so  long  as  with  the  ferrous  oxalate 
developer.  In  the  former  case  the  image  is  of  a 
slightly  yellow  tinge,  and  consequently  of  a  more 
non-actinic  nature  than  that  formed  by  the 
oxalate.  As  has  been  already  stated  it  is  not 
absolutely  necessary  that  three  separate  solutions 
be  kept,  but  this  course  is  better  so  as  to  facilitate 
the  retardation  of  development  on  over-exposure, 
or  its  acceleration  on  under-exposure.  If  proper 
exposure  has  been  given  the  image  will  appear 
in  about  one  minute,  and  gradually  gain  in 
strength.  When  all  the  details  are  visible,  and 
the  development  apparently  stops,  a  few  more 
drops  of  the  accelerator  may  be  poured  into  the 
developing  cup,  the  developer  mixed  with  it.  and 
again  flowed  over  the  plate.  This  fresh  addition 
of  the  alkali  rapidly  produces  increase  of  density. 
When  the  development  is  deemed  complete,  wash 
thoroughly  in  a  gentle  stream  of  water  from  the 
rose-tap  and  plcKse  in  the  fixing-bath,  unless  it 
be  deemed  necessary  to  soak  the  plate  in  an 
alum  solution  to  prevent  frilling. 

For  the  special  development  of  dry  plates  for 
transparencies,  or  slides  to  be  used  in  the  lan- 
tern, the  developers  given  in  the  following  table 
will  be  found  useful,  and  will  give  differt^nt  tones 
to  the  transparencies  : — 
Pyro  and  Ammonia  Developer  for  Warm  Tones. 

( PyrogaUol 

j  Sodium  sulphite 

I.  i  Citric  acid 
Water    . 

Ammonium  bromide 

II.  {Liquor  ammonia  (0*880) 
Water  'ip  to  . 


For  use  mix  1  part  of  No.  I.  with  3  parts  of 
No.  II.  and  dilute  to  double  the  quantity  with 
water.  The  mixed  developer  may  be  u»ed  for 
several  plates. 

Developers  for  Black  Tones, 


Hydroquinone     . 

Amidol 

Sodium  carbonate 

„       sulphite 
Potassium  carbonate 

„  bromide 

Water 


60grs. 

4  oz. 
2oz. 
2  oz 


80grs. 
2  oz. 


40  grs.  ■    i  oz. 
20  oz.  I  12  oz. 


1 

oz. 

• 

.  4 

oz. 

} 

oz. 

.  16 

oz. 

1 

oz. 

.  oi  dr. 

16 

oz. 

These  developers  may  be  used  for  several 
plates,  and  ^ill  keep  good  for  some  time.  In 
almost  all  cases  it  vriU.  be  found  best  to  use  the 
developer  which  is  generally  described  on  the 
box  of  the  special  plate  used. 

Many  operators  now  prefer  a  fixed  time 
development  during  which  the  plate  if  properly 
exposed  need  not  be  examined.  This  is  carried 
out  in  a  closed  box  or  tank,  of  which  many 
forms  are  on  the  market.  Tables  are  also  given 
by  which  the  time  necessary  for  different 
developers  may  be  calculated. 

Intensification  and  reduction  of  dry-plate 
negatives.  If  proper  exposure  be  given  to  the 
plate  the  process  of  development  by  the  ferrous 
salt  or  by  pyrogaUol  will  always  jdeld  suffi- 
cient printing  density.  Both  under-  or  over- 
exposure, however,  will  yield  an  image  far  too 
thin  to  give  a  vigorous  and  brilliant  print.  This 
deficiency  may  be  remedied  to  a  certain  extent 
by  the  process  of  intensification  ;  but  it  must  bo 
,  understood  that  the  results,  when  such  a  process 
has  to  be  employed,  are  never  so  brilliant  as 
with  a  properly-exposed  and  properly-developed 
:  negative. 

Several  methods  arc  in  general  use  for  the 
intensification  of  dry  plates,  one  of  the  most 
usual  being  that  in  which  the  action  is  carried 
out  by  a  mercury  salt  and  ammonia.  In  drv 
plate  work  the  process  of  intensification  is  almost 
invariably  carried  out  after  fixing.  For  this 
purpose  it  is  necessary  that  the  last  traces  of 
sodium   thiosulphate  should  be  removed  from 
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the  n^ativo  by  thonnigb  waahing.     SHonld  it  ' 

b«  DBOcoaarj  to  tafc«  stilT  farther  prrcantions  tat  

the  removoi  of  the  last  traoes  of  thioHnlphstr,  

th*  negatiye  should  be  soaked  in  »  •atur»t«d  Pot«,iuia  leiilc  Qiatot. 

solation  of  alum  ooatuniog  3  gruna  of  oitnc  Bodloin  inliAlle  . 

acid  to  the  ouaoe  of  solution,  or  in  a  solution  Oxalic  add 

of  hydrogen  peroxide  eoDtaiiiine  1  drachm  of  S^Jf^^'^Jilnl^phaw 

'  hydrogen  pecoxide  solution  '  to  S  oc  of  wat«r.  PotaMlomtiBrmainanale 
The  plate  may  be  soaked  in  thwe  from  10  to  30        (10  p.c  poIuiJot) 

minutes,  and  again  waahod  before  intensiflcation.  ^0*""™  ''i'?'!™'" 

To  intensify,  first  thoronghly  soak  the  plate  ^''*,"JJri.  ,*^''  '"'  »■"■ 


'■r 


Mercuric  chloride 
Ammooiam  chloride 
Water       ... 
The  plate  rapidly  undergoes  a 


Fixing     tht     ntgoiirt,     Thia    operation    U 

Ectically  the  same  for  dry  platM  aa  has  already 
n  deacribed  for  wet  plate*,  except  that  sodium 
tbiostilphat^  is  oltrays  employed  and  not  potas- 
sium cyanide.  The  usual  strength  of  the  soln- 
!.  of  thjosuljphate  to  1  pint  of  water. 


thronghout  it  U  removed  from  the  solution  and  perience  of  the  operator, 
thoronghly  wuhed  nnder  the  Up.   The  wanhing  Tramfpanfietta.    When  a  pootive  picture 

in  this  cue  must  be  moat  thorough.     After  thia  required  for  enlargement,  ot  for  showing 

washing  the  id»t«  U  flooded  with  a  aolution  of  «='^''  '"  '"  -"■'■""-    ■♦  ■-  '"""-i   ">™ 


Ammonia,  0-SSO   .         .  .1  part 

Water  .10  parts 

In  this  solution  the  plate  rapidly  assumei 
density,  becoming  changed  first  to  a  rich  non 
actinic  brown,  and  Gnallv  to  bhKk,  aooordlng  tt 
the  length  of  time  it  has  been  left  in  the  meronr} 
bath. 

The  plate  may  also  be  intensified  by  one  oi 
other  of  the  following  solntions  : — 


audience,  it  is  found  i 
employ  an  emulsion  of  gelatin  and 
sUver  chloride,  alone  or  a  mixtnre  St  the  aQver 
chloride  and  bromide.  The  following  qunntities 
may  be  taken  as  giTing  emuUioDS  loitable  for 
this  pnrpoK: — 


Ac^acld 
IiUkW) 


(a),  (6J,  and  (e)  s 


.  /Ammoninm  chloride 
.Sodinm  chloride  ■ 
'Erdiochloric  aoid 
IWator 

B    Silver  nitrate 

C     Hard  emulsion  gelatin 


.  I  300  gis.  I  SOgrs. 
.  I  —  ]  210gri. 
.   I  lOOgra.  ,      — 

!    -      ^m- 

i  lOoi.  !  10  ot.' 
SWgrs.  400grs. 
I      -      |*00gr». 


negative   has   been   bleached   by   the 
chloride  solution  ;   (d)  is  an  intensiSer  by  itsell. 

In  all  caeee  the  plates  should  be  well  wsfbcd 
between  the  application  ot  sohitions  I.  and  II. 
and  after  intensilioatian  ;  they  may  also  be 
placed  in  the  fixing  bath  again  for  a  minute 
or  two  with  advantage,  and  then  finally  washed. 

Rfiaeing    mgativti.    Should    the    negative 


In  No.  1  allow  the  gelatin  to  soften  and  ewdl 

1  ijut     in  the  water ;   then  ^ace  all  three  veateb  in  a 

J  water-bath  at  a  temperature  of  120=F.  (lO'a). 

10  parts    When  the  gelatin  is  melted  add  the  silver  solU' 

tion   to  it,   and   then   ?tir  in   the   ammoninm 

100   „        chloride  Kilution.     .Ulow  the  emulsion  to  ripen 

at  that  temperature  for  an  hour,  and  poor  out 

)   be  used  after  the    into  a  diah  for  Betting.     The  details  of  washing, 

'   '       "  coating,  and  drying  the  platea,  are  the  same  as 

for  the  bromide  emulsions  already  described. 

A*  the  film  left  by  gelatino-chloride  p'  ' 

■    ■  idfir     ■ 


after  developinent  and  fixing  is  extremely  cleat 
in  the  high  Ughts,  it  is  neceaaary  for  these  plates 
to  employ  glaee  perfectly  free  from  flaws  or  air 
bubbles. 


for  printing  pur 


purposes, 

It  will  cause  its  rcductii 

(1)  Soak  the  plsl«  cnrcfiillj  in 
ihiosulphate  solution  (2  oz.  to  1  pint) 
has  been  added  potassium  ferricyanidc  sufficient 
to  give  it  a  yellow  colour.  The  n-duction  in  this 
case  take*  place  with  conaidcrablo  rapidity,  and 
a  stream  oi  wst«r  or  a  washing  dish  should  be 
handy  for  immersion  of  the  negative  to  check 
too  rapid  reduction. 

(2)  Immerse  the  moist  negati 
tollowini  ""'-" 


Gelatino-chloride  plates  are  ...  .    _  __ 

_  It  than  the  bromide  plates,  so  that  for  contact 
trenspaTenciee  from  well-defined  negatives,  the 
exposures  are  proportionately  longer. 

The«e  plates  may  be  developed  by  tenona 
'htch  I  oxalate,  or  by  the  mixture  of  forrons  oxalate  and 
citrate  previously  mentioned,  or  by  the  hydro- 
quinone  developer. 

Gelatino- bromide  plates  also  yield  good  trans* 
parencies.  but  if  they  arc  used  for  tliia  purpose 
a  fairly  strong  pyro- developer  should  bo  taken 
and  the  development  carried  out  quickly. 

Tranaparencies  are  now  commoolL^  -nA&p  \f^ 
■eniitlve  cubon  tiNa«  [y,  CwWa  ^ouaataV 


sodium 


le  of  the 
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the  middle  of  the  convex  side  of  the  sheet  lowered 
on  to  the  solution  in  the  dish.  After  2  to 
3  minutes  raise,  and  again  lower,  to  avoid  air 
bubbles.  Float  on  the  solution  for  2  to  5 
minutes,  then  hang  up  to  dry. 

To  senaitise  the  paper,  A  silver  solution, 
stronger  than  that  used  for  sensitising  the  plate 
must  generally  be  emploved.  The  following 
give  varying  strengths  for  difiEerent  circum- 
stances : — 

a  h  e 

Silver  nitrate    .  60  gi-s.  80  grs.  30  grs. 

Water  (distilled)     1  oz.      1  oz.     1  oz. 

a  may  be  used  for  ordinary  cases,  h  where  the 
negative  is  weak,  and  c  where  the  lights  and 
shades  on  the  negative  show  great  contrast.  The 
strength  of  the  bath  becomes  gradually  lowered, 
and  must  be  restored  from  time  to  time.  Only 
strong  negatives  should  be  printed  in  direct 
sunliffht ;  all  other  oases  should  be  exposed  only 
to  diffused  daylight  ov  covered  with  tissue  paper 
or  ground  glass  during  printing. 

Tonififj.  To  obviate  the  red  colour  of  the 
printed  image,  it  is  immersed  in  a  neutral 
solution  of  gold  containing  certain  metallic 
salts.  The  following  are  some  selected  toning 
baths : — 


1  gr. '  1  gr. 


Igr. 


Oold  chloride       .      1  gr.     1  gr. 

Sodium  acetate    .  ISOgra.     —        —    i    — 
phosphate   |    —     20  grs.     —    i    — 
blear  Donate     —    ;    —     30  grs.     —    i    — 
—    '    —        —     20grs.     — 


»• 


Water 


bi  borate 
(borax) 
tungittate 


—        —        —        —     20  grs. 
10  ozs.  10  ou.  10  0Z9. 10  oz.^.  10  ois. 


will  to  a  certain  extent  be  restored  when  they 
are  finally  fixed  ^and  dried.  The  prints  should 
remain  in  the  finne  bath  from  10  to  16  minutes, 
being  gently  moved  about  to  prevent  them  stick- 
ing together.  The  prints  must  be*  washed  after 
fixing  for  at  least  24  hours  in  different  changes 
of  water,  or  for  6  in  running  water. 

In  silver  printing  the  toning  bath  should  be 
neutral  or  slightly  alkaline,  and  not  below  GO^'F. 
The  prints  must  be  printed  rather  darker  than 
finally  required,  and  toned  to  a  chestnut  brown, 
or  purple. 

Printing  ivith  gelatino-chhride  emulsions. 
More  rapid  printing  may  be  effected  by  the  use  of 
a  chloride  emulsion  on  paper,  as  the  copy  may 
either  be  printed  to  the  full  extent  in  a  bright 
light,  or  the  image  if  imperfectly  printed  may 
be  fully  developed  as  in  the  case  ot  a  plate  or 
film  transparency.  The  foUowms  gelatine- 
chloride  emulsions  will  be  found  useiul  for  such 


papers. 


Gelatin    . 

Ammonium 
Alum 

RocheUe  salt 
Water     . 
Silver  nitrate 
Citric  acid 
Alcohol   . 
Wator 


q^n<m     )  Nelson'iNo.l 
^°«"-i  Icoignet's   . 
chloride  !   11 

15 

15 


*• 


Oi  oz. 
115 
62 


1  OK. 


87  grs. 
87  „ 
18  „ 

60  „ 

75  ., 

4drB. 
6oz. 


a  is  a  good  bath  for  ordinary  use,  giving 
purple-brown  tones,  but  should  be  made  up 
12  hours  before  use ;  b,  c,  and  d  can  be  used 
shortly  after  making,  and  give  purple  tones,  but 
do  not  keep  well ;  e  gives  fine  purple-brown  tones, 
and  keeps  fairly  well  in  the  dark.  These  solu- 
tions may  also  be  made  up  in  strong  solutions 
by  dissolving  the  tube  of  15  grs.  of  gold  in  16  oz. 
oi  water,  and  adding  the  proper  quantity  of 
alkaline  salt.  To  make  the  bath  for  immediate 
use  mix  1  part  of  the  stock  solution  with  10  oz. 
of  water. 

The  chemical  reactions  taking  place  in  the 
process  of  toning  do  not  appear  to  be  complex  in 
their  nature,  the  tone  being  produced  by  a  tine 
film  of  gold,  reduced  from  a  neutral  solution  of 
gold  chloride  (AuCls),  or  of  the  double  salt 
(NaAuCl4,  2H(0),  upon  the  film  containing  the 
reduced  products  from  the  silver  chloride  and 
albuminate.  To  obtain  the  best  results  the  gold 
solution  must  be  neutral  or  very  slightly 
alkaline. 

Fixing  the  print.  This  is  done  by  immersing 
the  print,  after  toning,  in  a  solution  of  sodium 
thiopulphate,  4  oz.  in  20  oz.  of  water.  This 
strengtn  is  suitable  for  prints  from  strong  nega- 
tives, but  where  the  print  Ls  weak  the  fixing  bath 
may  be  reduced  to  3  or  2  oz.  of  thiosulphate  to 
the  pint  of  water.  Before  fixing,  the  prints 
should  be  immersed  in  water  containing  a  small 
quantity  of  sodium  carbonate  for  10  minutes, 
and  then  placed  face  downwards  in  the  fixing 
bath.    Their  brilliancy  will  at  first  diminiahy  but 


Rapid  printing  with  gelaiino-hromide  paper. 
Paper  coated  with  gelatino-bromide  emulsion 
is  also  largely  used  for  printing  by  artificial 
light  and  for  purposes  of  enlarging.  The 
materials  and  details  for  coating  are  much  the 
same  as  described  for  the  manufacture  of 
plates  or  films  on  celluloid. 

The  exposures  may  be  made  by  artificial  light. 
After  exposure  the  prints  may  under  general 
conditions  be  developed,  if  necessary,  in- 
tensified, or  reduced,  and  finally  fixed  by 
the  solutions  already  mentioned  for  bromide 
plates  or  films.  If  aesired  they  may  be  toned 
by  the  gold  or  platinum  solutions  already  given 
under  Toning  formule,  and  other  colours  may 
be  given  to  them  by  the  use  of  certain  salts. 
Thus  dark  broivn  to  red  tones  may  be  obtained 
by  using  copper  salts ;  green  tones  by  mixed 
vanadium  and  iron  salts ;  and  blue  tones  by 
iron  salts.  For  the  development  and  subse- 
quent treatment  it  is  best  to  use  the  special 
formula  generally  issued  by  the  makers  A^ith 
the  different  varieties  of  papers.  Should  a 
combined  toning  and  fixing  oath  be  not  used, 
the  prints,  after  toning,  must  be  fixed  in  the 
usual  way. 

The  tone  of  these  prints  is  distinctly  neutral 
and  somewhat  like  platinum  prints.  The  print 
may  be  obtained  dull  by  allowing  it  to  dry  on 
blotting  paper  after  final  washing,  wth  the  sen- 
sitised side  upwards,  or  it  may  be  obtained  with 
a  glossy  appearance  by  being  'squeegeed,'  face 
do v\n  wards,  on  a  glass  or  ferrotype  plate  and 
allowed  to  dr>'  in  that  position.  When  dry,  it 
may  be  stripj^d  from  off  the  plate. 

The  printing,  like  that  with  albumenised 
pap<T,  should  be  carried  slightly  further  than 
the  shade  finally  required,  as  the  prints  diminish 
in  intensity  during  toning  and  fixing  with  certain 
baths. 
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ferric  oxalate  and  sodium  oxalate;  small 
quantities  of  potassium  chlorate  and  mercuric 
chloride  heing  also  introduced  under  certain 
circumstances.  This  method  di£fcrs  from  the 
other  two  in  that  the  paper  contains  the  sen- 
sitive salt  and  developer  upon  it  during  exposure, 
the  printing  of  the  image  being  carried  to  its  full 
extent.  Under  the  influence  of  lieht  and  the 
moisture  in  the  air,  reduction  of  t-ho  platinum 
salt  takes  place  in  the  printing-frame.  The 
printing  must  be  continued  until  the  picture 
has  the  appearance  finally  required.  In  moist 
weather  the  printing  will  so  on  without  difficulty ; 
in  very  dry  weather  the  increase  of  density 
apparently  stops  after  a  certain  intensity  has 
been  reached ;  it  will  continue*  however,  to 
print,  if  the  back  of  the  paper  be  breathed  upon 
or  very  gently  steamed. 

Fixing  the  prints.  This  is  best  done  by 
placing  the  prints  in  1  vol.  hydrochloric  acid 
and  60-80  vols,  water  till  the  high  lights  appear 
perfectly  white.  They  should  then  be  washed 
in  several  changes  of  water.  The  tone  given 
by  platinum  prints  is  especially  applicable 
for  cop3ring  buildings  and  machinery,  out  also 
yields  roost  beautiful  effects  in  portraiture  when 
the  proper  lighting  of  the  original  negative  has 
been  attended  to. 

PaiNTmo  WITH  Ieon  Salts. 

Several  processes  have  been  brought  forward 
in  which  the  salts  of  iron  may  be  employed 
instead  of  those  of  silver  and  platinum,  thus 
rendering  the  cost  of  copying  large  plans  or 
drawings  much  less  expensive. 

The  reduction  of  the  ferric  salts  by  light  was 
first  utilised  by  Sir  John  Herschel,  who  em- 
plo^'ed  ferric  ammonium  citrate  as  his  sensi- 
tive material,  developing  the  image  with  a  solu- 
tion of  potassium  ferricyanide,  and  the  different 
methods  now  employed  are  more  or  less  modifi- 
cations of  his  original  process. 

By  mixing  the  ferric  salt  and  potassium 
ferricyanide  together  before  coating  the  paper, 
the  print  may  after  exposure  be  developed  by 
nu'R^y  washing  in  water  until  the  washings  are 
colourless.  For  such  a  ])aper  the  following 
mixture  will  be  found  useful : — 

200  grs. 

6  07. 

\  Ferric  ammonium  citrate   .       000  grs. 
\  Distilled  water  .  5  oz. 

Dissolve  the  salts  separately,  then  mix,  keep  the 
solution  in  the  dark,  and  filter  before  use.  The 
paper,  after  coating  and  drying,  must  be  kept 
for  a  few  days  before  use.  When  thoroughly 
exposed  the  print  should  show  a  bronze  colour 
in  the  shadows  and  is  developed  by  soaking  in 
one  or  two  changes  of  water.  The  colour  of  the 
prints  may  l)e  improved  by  soaking  after 
development  in  a  solution  of  2^  p.c.  alum  and 
3  p.c.  oxalic  acid. 

A  method  for  obtaining  positive  prints  from 
positives  may  l)e  carried  out  b}*  sensitising  the 
paper  with  the  following  solution  : — 

I  Gum  arable  .  4  oz.  Mix  8  vols,  of  II. 
*•     (Water     .      .      .   20  „     |     then  6  vols,  of 

1  Ferric  ammonium  I     HI.  to  20  vols. 

citrate  .  .  10  „  J  of  I.  in  small 
Water  .  .  .  20  ,.  I  portions  with 
,w,  (Ferric  chloride  .  10  „  /  constant  stir- 
*"-\Water     .      .      .   20  ..  /     ring. 


The  paper,  having  been  coated,  dried,  and  ex- 
pose<l  in  the  ordinary  manner,  may  be  developed 
by  floating  it  on  a  solution  of  1  oz.  potassium 
ferrocyanide  in  10  oz.  of  water.  After  develop- 
ment immerse  in  a  1  p.c.  cleansing  solution  of 
hydrochloric  acid  or  1 :  25  sulphuric  acid  (sp.gr. 
1-98),  wash  thoroughly,  and  dry.  These  methods 
are  extremely  useful  for  copying  large  line 
drawings  or  diagrams,  but  may  also  be  used  for 
ordinary  landscape  and  portrait  prints. 

In  the  Kallitype  process  the  paper  may  be 
sensitised  by  a  mixture  containing  76  grs.  of 
ferric  oxalate  with  30  grs.  silver  nitrate  to 
1  oz.  of  water.  The  ferric  oxalate  is  dissolved 
in  the  hot  water  with  a  grain  or  two  of  oxalic 
acid  to  assist  solution.  After  filtering  the  silver 
is  added  and  the  solution  kept  in  the  dark. 

The  following  may  be  taken  as  developers 
for  this  paper  : — 


Borax 

Rochelle  salt 
Potassium  dichromate 

(1  p.c.  solution) 
Watsr 


2  oz. 
oz. 


ii 


i  OS. 

2  OK. 


1  01. 


15-18  drs. :  15-18  drs.  8-10  dra. 


20  oz. 


20  oz.        20  oz. 


J    j  Potassium  ferricyanide 
I  Distilled  water 


II. 


(o)  yields  black,  (b)  purple,  and  (c).  sepia 
tones.  The  prints  are  fixed  in  a  solution  of 
sodium  thiosulphate  in  20  oz.  of  water  to 
which  120  min.  of  ammonia  (0-880)  has  been 
added. 

Numerous  papers  for  printing  from  negatives 
by  silver,  platinum,  or  other  metallic  salts  can 
no w  be  used .  The  formula  and  details  necessary 
for  working  the  individual  processes  are  best 
obtained  from  the  directions  issued  by  the  various 
makers. 

DiAZOTTPB. 

Under  this  heading  mav  bo  classed  two  pro- 
cesses for  printing  in  colours  which  may  bo 
shortly  described  in  an  article  on  photography. 
The  one  devised  in  Germany  is  termed  Feer-type 
(from  the  inventor) ;  the  other  is  the  Primuline 
process,  introduced  in  England  by  Messrs.  Green, 
Cross,  &  Bevan. 

In  the  Feer-iype  the  material  is  sensitised 
with  a  mixture  of  a  diazo  compound  with  a 
phenol  or  amine  in  molecular  proportions,  dried 
in  the  dark  and  exposed  behind  a  negative.  The 
azo  colouring  matter  is  produced  in  quantities 
proportional  to  the  amount  of  li^ht  passing 
through  the  negative.  After  pnnting,  the 
material  is  dipiied  in  very  dilute  hydrochlorie 
acid,  and  finally  washed  \*'ith  water.  The 
following  table  gives  instances  of  some  of  the 
mixtures  employed : — 


1     I. 

_._ 

ParU 

Sodium      toluenediazo- 

}       26 

sulphonato 

Sodium  ditolyl-tetrazo- 

1 

sulphonate 

1 

)3-naphthol     . 

.   ,     25 

m-Phenyl('ne<iinniine 

■ 

Rosorcinol 

• 

Sodium  hydroxide  . 

8 

Water  . 

.      1000 

u. 


ni. 


Part*     Parts 


—  25 


25 


—     .     20     I     — 


1000 


12 

10 

1000 
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points  a,  a,  a,  the  rays  inteneot  e^b  other, 
giyiog  DO  movement  at  these  points,  and, 
consequently,  no  light  effect,  whereas  at  the 
ix)ints  b,  6,  b,  or  intomodal  points  as  they 
are  called,  where  no  interference  exists,  tlie 
action  of  light  will  cause  a  deposition  of  idlver. 
This  deposition  taking  place  at  a  separation  of 
hidf  a  wave  length  of  the  incident,  light  ^ill 
only  reflect  light  of  the  colour,  the  wave  length 
of  which  is  double  the  distance  of  these  internodal 
points. 

Originally  Lippmann  employed  an  albumen 
process  for  his  sensitive  plates,  colour-sensitised 
with  erythrosin,  quinoUne  red,  cyanine,  and 
malachite  green ;  but  more  recently  formula  for 
gelatin  emulsion  plates  have  been  put  forward 
by  Valenta,  Lum&re,  and  by  Lippmann  himself. 
The  following  numbers  give  two  forms  of  the 
emulsions  that  have  been  proposed  : — 


A. 
B. 


Gelatin 

Silver  nitrate 

Water 

Gelatin 

Potassium  bromide 

Water 


I. 

10  grs. 

Ggrs. 

300  0.0. 

20grs. 

6gr». 

300  0.0. 


U. 

6grs. 
3grs. 

225  c.c. 
6grA. 

2-1  grs. 

226  ac. 


For  colour  sensitising  cyanme  and  erythro- 
sin solutions  (1 :  500)  have  been  used.  For 
the  sensiUser  2  parts  of  the  cyanine  solution  is 
mixed  with  1  part  of  the  erythrosin  solution, 
and  1  to  2  parts  of  this  mixture  added  to 
100  parts  of  tne  emulsion.  Increased  sensitive- 
ness may  be  given  to  these  plates  by  bathing  them 
shortly  before  exposure  in  a  mixture  of  5  grams  of 
silver  nitrate  dissolved  in  1000  c.c.  of  alcohol, 
to  which  5  C.C.  of  acetic  acid  have  been  added. 

Ires*  process.  This  process,  devised  by  Ives 
in  America  and  by  Ducos  du  Hatiron  in  france, 
depends  on  the  principle  put  forward  by  Clerk 
Maxwell,  that  the  object  to  be  reproduced,  if 
photographed  through  three  separate  coloured 
screens,  will  ^ve  corresponding  negatives  repre- 
senting in  light  and  shade  the  gradation  to 
which  the  dincrcnt  li^ht  effects  coming  from  the 
object  will  excite  a  single  primary  colour  sensa- 
tion in  the  eve.  Three  negatives  of  the  object 
are  obtained,  one  taken  behind  an  orange 
screen,  a  second  behind  a  green,  and  a  third 
behind  a  blue  screen.  Three  positives  are  then 
taken  from  these  negatives,  and  are  illuminated 
one  by  red,  the  second  by  green,  and  the  third 
by  blue  violet  light.  These  being  superimposed 
on  a  screen,  the  combined  image  of  the  original 
object  will  be  seen  reproduced  in  its  natural 
colours. 

For  the  simultaneous  production  of  the 
negatives  and  for  the  projection  on  the  screen, 
special  cameras  have  been  devised,  and  for 
viewing  the  transparencies  Ives  introduced  the 
apparatus  known  under  the  name  of  the 
*  Kromoflcope.* 

The  same  effect  may  be  obtained  on  one 
glass  plate  in  the  following  way.  Three  separate 
negatives  are  taken,  paying  due  attention  to  the 
exposures  necessary  for  the  different  coloured 
tUters.  These  are  developed  in  the  usual  way, 
tixed  and  washed.  To  obtain  positives  from 
these  negatives,  an  ordinary  transparency  is 
first  taken  from  the  negative  obtained  through 
the  red  screen,  washed  and  dried.  It  is  then 
bleached  by  immersion  for  about  a  minute  in  a 


solution  of  potassium  ferricyanide,  washed 
with  water,  and  placed  for  a  minute  and  a  half 
in  the  red  staining  solution.  The  stained  film 
is  then  tranaferr<xl  to  a  solution  of  sodium 
thiosuiphate,  which  at  lirst  causes  a  brown 
precipitate.  This  is  at  once  thrown  off  and 
fresh  thiosuiphate  flowed  over  the  plate,  when 
the  image  wul  gradually  assume  a  greenish-blue 
colour.  The  plate  is  now  washed,  dried, 
varnished  with  a  celluloid  enamel,  and  again 
dried. 

The  pink  and  yellow  images  may  then  be 
printed  at  the  same  time  on  one  strip  of  a 
sensitised  dichromated  gelatin  film,  the  celluloid 
aide  of  the  film,  not  the  dichromated  side,  being 
in  contact  with  the  film  side  of  the  negative,  so 
that  the  print  is  made  through  the  celluloid 
support.  The  film  is  then  developed  in  the 
usual  manner  by  hot  water  at  a  temperature  of 
95®-100**F.,  fixed  by  sodium  thiosuiphate,  and 
thoroughly  washed  with  cold  water.  The  two 
prints  are  now  cut  separate  and  stained  bv  the 
pink  and  the  yellow  dyes.  The  staining  should 
be  carried  out  in  white  porcelain  dishes,  and 
should  be  done  slowly. 

When  the  stained  transfers  have  been  rinsed 
and  dried  they  are  ready  to  be  superimposed  in 
correct  position  over  the  blue  transparency  first 
described.  The  pink  film  is  first  accurately 
adjusted  film  to  film  over  the  blue,  and  then  the 
yeijow,  stained  side  doTMiwards,  over  the  pink. 
The  films  may  be  fixed  in  accurate  register  with 
binding  slips,  but  a  better  result  is  obtained  if 
the  separate  films  are  secured  in  optical  contact 
by  Canada  balsam.  When  thrown  on  the  screen 
the  original  picture  is  reproduced. 

Dyes  for  tri-coUmr  staining.  The  following 
are  some  of  the  substances  which  may  be  used. 
For  blue :  thio  blue  A  or  soluble  Prussian  blue, 
slightly  acidified  with  sulphuric  acid.  For 
pink :  a  mixture  of  eosin  and  rhodamin  pink. 
For  yellow  :  best  brilliant  yellow  or  aniline 
yellow.  For  Ives*  plates.  For  blue:  methylene 
blue,  16  grs. ;  cold  water,  4  oz.  For  pink  : 
magenta  red,  16  grs. ;  hot  water,  4  oz.  ; 
acetic  acid,  10  mins.  For  yellow,  ammonium 
picrate,  a  saturated  solution.  In  each  case  the 
transfer,  after  staining,  should  be  rinsed  in  ^ater 
slightly  acidified  v^ith  acetic  acid. 

The  nature  of  these  dyes  is  very  varied, 
and  special  works  must  be  consulted  with 
regard  to  quantities  and  methods  of  preparation. 

LigJU  filUrs  for  colour  work.  These  may  be 
made  ^ith  either  a  collodion  or  a  gelatin  medium 
coated  on  glass  or  used  in  cells.  For  yellow 
light  filters :  tetrazine,  rapid  filter  yellow  K  ; 
aurantia,  and  naphthol  yellow  may  be  used. 
For  orange  filter  a  mixture  of  aurantia  or  rose 
Bengal  with  tetrazine  is  employed- 

Filiers  for  ihrce-cdonr  toorlc.  For  these  a 
6  p.c.  stock  gelatino  solution  is  the  medium. 
For  the  violet  filter  (yellow  printing  negative), 
stock  dye  solution,  crystal  violet,  31  grs.  : 
warm  water,  6  oz.,  76  mm.  ;  glacial  acetic  acid 
3  mm.  Add  20  parts  dye  solution  to  100  parts 
gelatin  solution.  A  second  blue  riye  is  rapid 
filter  blue.  151  g"-  ;  water,  6  oz.,  160  mm.  ; 
ammonia,  10  mm.  Filter,  then  take  dye  solution 
20  parts ;  gelatin,  100  parts.  For  griH?n  filter 
(red  printing  negative).  Rapid  filter  grein  I., 
62  groins  ;  wat^r  SJ  oz.  Take  of  dye  sohitmn 
20  parts  to  100  of  j?elatin  solution.     A  green  for 
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varying  size,  which  aru  capable  of  producing  the  owing  to  the  mechanical  strain  upon  the  film 

illusion  of  shading.     The  '  grain  '  can  be  varied  caused     b}*    the     operations     of     rolling    and 

to  suit  the  subject;  and  the  tiner  the  detail  to  Ix*  printing. 

rendered,  the  tiner  the  *  grain  '  shouiti  be.  The  The  sensitive  film  is  produced  by  coating 
ink  image  is  eventually  transit'erred  to  a>ione  {v.  the  plate  ^ith  a  solution  of  gelatin  and  alkali 
also  CoUolype).  From  the  finished  stone,  dichromate  hi  water.  The  gelatin  nsjd  mu^ 
transfers  can  be  taken  which  can  be  utilised  in  be  of  high  grade  and  of  medium  *  hardness  *  and 
the  production  of  a  series  of  new  8tone;«,  which  free  from  fatty  matter.  The  prepared  glass  is 
after  careful  modification  by  hand  can  be  cm-  warmed  and  levelled,  and  the  requisite  quaniitv 
ployed  in  the  production  of  pictures  in  colours  .  of  the  solution  is  poured  upon  the  surfaoe  and 
by  chromo  lithography.  spread,  preferably  b^  the  clean  finger.  Ita'yinc 
Photozincography  and  photoalagraphy  arc  must  take  place  by  evaporation  at  an  elevated 
processes  in  which  zinc  and  aluminium  are  used  temperature — there  is  no  intermediate  setting 
in  place  of  the  lithographic  stone  as  the  printing  to  form  a  *  gel.'  Upon  correct  conduct  of  this 
surface,  and  the  methods  employed  arc  similar  drying  the  success  of  the  plate  maker  largely 
to  those  described.  depends.  To  this  end,  the  plate  restc  upon 
Collotype.  A  collotype  print  is  a  picture-  levelling  screws  in  a  drying  oven,  which  is  a 
in  varnish  ink  obtained  from  the  surtace  of  box — generally  constructed  of  \n}od — large  in 
chromated  gelatin  which  is  supported  upon  a  volume,  and  kept  at  the  suitable  temperature 
rigid  body,  generally  glass.  Such  a  surface  is  by  means  of  a  steam  or  hot- water  radiator, 
produced  by  exposing  the  dichromated  gehttin-  Gas  or  oil  heating  may  be  usi'd,  provided  that 
coated  glass  under  a  negative  and  afterwards  care  is  taken  to  prevent  the  products  of  corn- 
removing  the  unaltered  chromium  salt  by  bust  ion  entering  the  chamber  containing  the 
washing  in  cold  water^  when  the  film  is  dried  plates.  The  construction  of  the  oven  must  be 
spontaneously.  If  the  film  be  afterwards  such  that  there  is  no  internal  vibration  and 
moistened  with  an  aqueous  solution  of  glycerol  that  there  are  no  *  draughts.'  Failing  these 
and  ammonia,  such  solution  will  be  absorbed,  conditions  the  film  will  dry  with  an  uneven 
and  the  gelatin  will  swell  slightly.  If  the  surface — a  fatal  defect.  The  top  of  the  box 
excess  of  such  *  damping  '  solution  be  removed  must  be  covered  \vith  a  fabric  which  will  permit 
and  a  charged  roller  be  passed  over  the  surface,  the  passage  of  the  water  vapour  from  the  plates 
the  ink  from  the  roller  will   be  taken   by  the  out  of  the  oven. 

different  parta  of  the  film  proportionally  to  the  The  oven  temperature,  varied  between 
amount  of  light  action  which  has  taken  place  40*-fiO®,  infiuences  the  character  of  the  film, 
during  the  exjxjsure  under  the  negative,  and  this  Wlien  the  film  of  gelatin  is  dry  the  oven  is 
ink  may  be  readily  transferred  to  i)aper  by  simple  allowed  to  cool,  and  afterward;>  the  plates  are 
pressure.  By  this  process  it  is  therefore  possible  removed  and  are  keut  in  the  dark.  The  films 
to  render  automatically  by  purely  ebemieo-  will  rt-mnin  in  good  condition  for  1-2  da\^ 
physical  means  the  ^nradations  of  light  and  depending  Uf)on  the  atmospheric  surroiindingn. 
shade  in  the  negative  in  such  a  form  a^  to  be  If,  however,  storage  takts  place  in  an  artificially 
utilisable  in  the  printing  prc-ss.  It  is  interesting  dried  atnK>s]>liere,  as  in  a  storage  box  containing 
to  compare  this  process  with  Wood  bury  tyjie,  a  tray  full  ot  calcium  chloride*  the  plates  may 
where  the  translation  is  mechanical,  and  with  be  kept  5-6  days.  Deterioration  is  due  to 
the  half-tone  block  proee>.s,  where  it  is  produced  siKnitaneous  insoiubilisation  of  the  film.  For 
by  optical  means.  collotyiM*.-,  laterally  inverted  negatives  are  re- 
Provided  that  a  suitable  negative  be  made,  quired.  In  ]>ractice,  the  plates  are  printed 
any  subject  can  be  rendered  in  collotype.  The  (exiJ<;sed;.  in  the  case  of  small  pictures,  from 
plates  may  be  printed  in  the  press,  where  the  glass- plate  negatives.  More  perfect  contact 
manipulations  are  wholly  by  hand,  or  in  the  between  the  surfaces  is  obtained  by  printing  from 
machine,  where  the  damping,  inking,  and  print-  Uexible  iilui  negatives  prepared  for  the  purpose, 
ing  are  mechanical.  The  rate  of  prFniin^  of  the  wliieb  are  laid  upon  the  plate  glass  bed  of  the 
best  class  of  collotype  is  slow.  The  proeesh  i&  printing  irauie.  By  means  of  thin  tin  foil  such 
valuable  for  the  reason  that  it  i&i  caTfuble  of  ne<ratives  are  niassked  at  the  margins  to  show 
yielding  pictures  the  gradation^  of  which  are  only  the  anH^unl  of  subject  required.  Kxpo^urc 
faithful  to  the  negative  and,  as  compared  with  takes  place  in  the  ordinary  wa}*,  but  the  frames 
the  half-tone  bluek  process,  without  the  tlis-  ha\e  u.-ualiy  no  baeks.  so  that  the  under  side 
lurbing  effect  of  the  regular  dot  forinaii«»n.  Tlie  of  the  liiin  may  be  examined  in  order  to  observe 
variety  of  printing  pajM^r  that  can  be  used  i.s  the  i)ro^re.-<.<  of  printing.  The  film  darkens  in 
considerable,  and  because  of  this  fact  the  ])ruces.s  pr<.»jK)ri  ion  to  the  duration  of  exposure.  Usually, 
has  additional  value.  tlie  printer  determines  the  correct  amount  re- 
For  the  preparation  of  the  printin;i  surface  quirtrtl  by  judgment.  When  the  pLite  has  been 
a  sheet  of  plate  glas-,  jj  to  ^  ineh  in  thiekness  is  exiH.M'd  .-ul!ieient]y,  it  is  removed,  and  is  then 
tiiiely  ground  ujion  its  surfaee  and  is  then  quickly  and  evmly  immer.sed  in  water  or  it  may 
fiowtd  over  with  a  solution  of  an  alkaline  be  ll«Mii.lid.  Wiu-rliing  continues  until  the  free 
silicate  and  white  ol  egg.  After  eva|Mtrati(jn  of  dit.lir«tniate  is  removed,  when  the  film  will  be 
the  water,  the  plute  is  healed  to  aliout  OU*.  It  piiieiieilly  without  colour.  It  is  then  dried, 
is  then  cooled  and  washed  in  cold  walrr  and  Kx.unination  ot  tlic  })late  before  drying,  at  this 
afterwards  allowed  to  dry.  This  process  i.-  .-rtairi'  .-how.-  tliat  the  image  is  in  slight  relief 
termed  *substratnmiriL:,'  and  it.-  purpose  is  to  and  ili.il  it  l^  nticulated.  A  certain  amount  of 
cause  a  deiK).sit  ot  .-silica  ujhjii  the  gla^s.  This  'grain'  i.->  n  ipjin-d  to  ensure  successful  printing 
deposit,  in  atldiiion  to  the  rou;jr lines.-:  ol  tlie  at  xh*-  press,  but  such  'grain'  should  not  bo 
glass,  causes  the  sub.-'eqnent  lilm  oi  L;eliitin  tr.i  «.»livi"ij>  Id  ih'-  unaiiied  eye.  The  following 
adhere    strongly.      This   device    is    necessaiy  condiii«>ns>  iniUieiice  the  character  of  the 'grain': 
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filwRVH  IradH  to  a  naft^'iiing  of  the  contrast. 
Although  '  fiiH*  rtrhinjr*  of  half-tono  plat(n<  in 
to  a  ooiiNidcrahlc  extent  employed  to  alter  the 
appt^aranoo  of  the  pictun*H  as  pn'sontcd  by  the 
]>n>ofH  fn»m  the  platt»f»— of  illuHtrationn,  indeed, 
whieh  are  not  HatiHfaotory  to  those  who  Mish  to 
UHO  them  even  )M»forc  they  arc  rt»pro<luce<l — the 
pn)oeHH  would,  t^)  Home  extent,  bo  necessary  in 
the  OAHO  of  g(M)'l  originals  beeaiiHC  of  the  flatten- 
ing efloct  of  the  Hen»en.  When  drawings  are  to 
be  n'prodnoe<I  by  these  methofls  and  have  to  be 
made  for  tho  purpose,  allowance  is  generally 
made  for  the  n'<lueiMl  contrast  by  forcing  the 
effect  in  tlie  drawing,  hence  *  tlra wings,'  for 
pnKM>HM,  whieli  an'  generally  made  in  mono- 
ehnunt»  Uxiy  colour  although  useful  for  the 
pur|>osi*  int<*nded,  are  of  little  value  aftcrimrds 
for  t)bvioUH  avHthetie  rt^asons. 

Any  drawing  in  line,  even  those  ma<le  without 
any*  n«ganl  Xn  n'pn>ductic»n  proci'sses,  when* 
iMNiutifnl  elTi'ct  is  the  onlv  consideration,  mav 

•  •  • 

l)e^.  HmvessfuUv  translatinl,  but  cmlv  bv  the 
expenditun'  of  extra  time  and  skill.  Dis- 
nsganling  pietorinl  drawings,  much  tcchin'callv 
unsatisfactory  *  copy  *  is  dealt  \nth  in  the 
onlinary  way.  When  drawings  in  line  an^ 
made,  liowever,  with  a  view  to  n'pn>duction  in 
the  commen'ial  wiy,  they  an»  generally  pn^jian-d 
in  black  line  uixm  white  canl. 

liy  far  the  larger  amoinit  ()f  half-tone  illus- 
t  rat  ions  to  catalogues  fcsjKH'ially  those  slu>\\ing 
mschinery)  and  publications  of  a  similar  com- 
men'ial character  an»  prcjwnMl  fnun  plu^tographs 
which  have  Ik^^mi  *  worked  up  *  by  the  ilniughts- 
man,  who  changes  the  ap]x^arance  of  the  original 
by  modifying  |K^rtions,  by  su]>pn'ssion.  or  by 
addition,  and  this  to  such  an  extent  that  the 
phot«>grnph     is     completely    chnngtHl.        Such 

*  w«>rking  up  '  is  earritnl  out   by  means  oi  the 

*  air  brush.'  a  p;»n-like  tmd  by  means  of  which 
a  tine  stn'fim  oi  air  can  Ik*  ciusc«l  to  pn^ject  a 
s]»ra\  of  liquiil  pigment  n|v>n  a  surface,  the 
etTi'et  ]m»dueible  Umusi  entin^ly  under  contn^l, 
and  mon^ner-  -which  is  the  im)virt:int  fe.itun*  — 
with  thAt  snuH^thne^s  and  continuity  which  is 
a  characteristic  of  the  shatling  in  a  phoioiiraph, 
so  that  the  addi^l  work  is  in  harmony  with  the 
print.  It  is  largely  owing  to  this  that  the  photo- 
engraver  has  almost  ontinOy  n^plrtctsl  ihc  WihvI 
engniver  in  the  pn'paration  of  the  illustrations 
for  the  U'st  classes  of  cat^iU^guc. 

0.  W.   0.. 

PHOTOLITHOGRAPHY  ••.  PiioTiHiRAniY. 
PHOTOPHONE  r.  Skikmi  m. 
PHOTOSANTONIC  ACID  r.  Sasth^nu  a. 
PHTHALEIN  DYES  r.  Tkiphknylm ethane 

rOLOrRINO    MATTERS, 

PHTHALIC  ACID,  Tho  thn>o  dioarU^xylio 
a  *itis  of  Ivnzenc  arc  known  a«  the  phthalic  acids. 
Of  thoso  tho  only  one  of  technical  impi^rtanco 

ii    arfA<ThthAlic    .^cid     r.ll.    [^^^^{|  *i)'    and 

thi*  is  the  ci>mpi>und  wliich  is  always  nn-^^rstiv^d 
whe?i  the  n;ime  n\/ft'i7iV  afi-l  is  nso-i  without 
further  nuali'^A  .»!ien.  tho  niet4i-rom}Vund  l»ein- 
diMini:«i>hi\i  ;♦>  'Kop^th-ih'c  ncii  :\uA  the  j^-^n- 
as  trrt  :'.\f\  j/i>  ?•»  /. 

orfi ^Phthalic  add  w.\!«  llr>t  .  bt.vra^l  by 
IjinK'nt  in  l^s^(>  by  tho  oxid.'«tion  of  nr» pi;: h alone 
f.iRiM)f>n.  ll^.  i»S\  and  the  ^imo  eo,ii*:-^t-  pri>iuvt 


has  always  served  as  the  chief  source  of  this 
valuable  acid — 
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o-phthalic  acid. 

Similarly  other  di-substitution  derivatives 
of  benzene  containing  carbon  ohaiiis  or  groups 
in  tho  ortho-  position  yield  phthalio  acid  on 
oxiiiation,  e.g.  in  adcUtion  to  naphthalene  cited 
above,  tctrachlomaphthalenc,  alizarin,  pnr- 
punn,  o-toluic  acid,  have  been  employed,  along 
with  such  oxidising  agents  as  dilute  nitric  acid, 
alkaline  permanganate,  chromic  acid,  sulphnriic 
acid  (Marignac  and  others,  Annalen,  42,  215; 
06.  197  ;  75,  12,  25 ;  130,  334 ;  144,  71 ;  148, 
00;  Ber.  6,  945;  7,  1057;  12,  679;  18,  1499; 
Zoitsch.  Chem.  [ii.],  4,  551,705;  Compt.  rend. 
56,  82  ;    FrtU.  1807-1900,  664). 

A  variety  of  other  methods  are  known,  e.a, 
the  action  of  potassium  ferrocyanide  and  snl- 
phuric  acid  on  salicylic  acid,  oV  of  formic  and 
sulphuric  acids  on  salicylic  acid ;  interaction  of 
resorcinol  and  sodium  bicarbonate ;  by  the 
reaction  between  benzyl  chloride,  carbon  tetra- 
chloride and  nitric  acid ;  or  by  acting  upon 
Iwnzene  or  benzoic  acid  with  pyrolufdte  and 
concent  rat e<l  sulphuric  acid  in  the  cold. 

Hfiussonnann  (J.  1877,  763,  1158)  describes 
a  metluxi  suitable  for  laboratory  preparation, 
from  2  parts  of  potassium  chlorate  in  10  parts 
of  commercial  hydn^chloric  acid  and  1  part  of 
naphthalene,  wliich  mixture  is  gently  heated, 
chlorination  first  taking  place  and  then  oxida- 
tiim.  The  product  is  washed  with  water  and 
with  light  potn^leum,  and  afterwards  10  parts 
oi  nitric  acid  (sp.gr.  i-45>  is  gradnaUv 
added  and  the  mijrturo  ^iled.  When  all 
disst^lves.  the  nitric  acid  is  evaporated  and  the 
residue  distLUo<i ;  phthalic  anhydride  passes 
over,  which  may  be  further  purified  by  snUima- 
tion.  and  nvon verted  into  phthalic  acid  by 
U^iliiig  with  caustic  stxia  and  acidifving  the  colcl 
solution  with  mineral  acid.  The' precipitated 
phthalic  acid  is  host  purified  by  rverystallising 
iTom  Unling  water. 

Phufic4il  nn^pcriirs.  It  exists  in  trimetric 
pl.'ttes:  whole  crystals  melt  at  213";  when 
powdortHl.  at  2i»,S*,  passing  into  the  anhydride. 
Sp.gr.  1^85 -I  093;  100  p.^rt9  of  water  at 
14*  dissolve  0-54  jwrt*  of  acid,  and  at  99**  18 
parts  of  ;uMd  (Graolv.  Annalen.  1SS7.  238.  S21). 
rhthali*^  ariil  is  riMilily  si>lublo  in  alcohol, 
•sp-irincly  s-^  in  ether  and  ins(>luble  in  chloro- 
form then,  e  v-p.ir.jti  n  fr.»m  lH»n7oic  acid);  it 
i*  slichtly  vol.nile  in  steam.  Tho  acid  shows 
.in  abs-^rptiMi  hwv*.  m  the  sjxvtnim,  but  the 
.anhydride  .i  v<  n  :.  ii  is  said  to  form  a 
ov:to^"!ic  mixT-.Tc  \*i:h  !:<  anhydride  (de  Stadt. 
Zcit  soh.  pV. \  - i  k .1  i .  I  he ra .  4 1 .  353  v.  For  niea»ui«- 
nicnts  of  conduct iviiio*  roforpnw  should  be  made 
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to  the  work  of  Jones  (Amor.  Chem.  J.  42,  520  ;  C,H4(C0NH,)C00H,     m.p.    149"  ;     and    with 

43,  187  ;  44,  159) ;  Sidgwick  (Chem.  Soc.  Trans,  aqueous  ammonia  it  yields  ammonium  phthala- 

IftlO,  97,  1677);  Godlewski  (Chem.  Zentr.  1904,  mate  CH4(CONH,)COONH4,  which  on  heating 

[ii.]  1275).  is  tran.sformed  into  phthalimide  [see  later). 

Cfiemieal  properties,     Phthalic  acid  forms  a  Fusion  of  phthalic  anhydride  with  lime  pro- 

charsu^teristic,    sparingly    soluble    barium    salt  duces   benzene   and   diphenyl   (Annalen,    1879, 

(('arius,    Annalen,    1868,    148,    60;     Hermann,  196,  48);    with  zinc  dust  it  gives  biphthalyl, 

Annalen,  1874,  171,  78),  and  also  forms  salts  C^HgO*,  and  with  zinc  dust  and  methyl  iodide 

v^JSuSTj.  pr^^L^-IS^r^^'B^JS'sS^  ^eld-    dimethyl    phthaUde      C.H.<^»o'>«- 

rhim.[iii.l31,  135 ;  J.  Russ.  Phys.  Chem.  Soc.  42,  i^  contact  \iith  alkaline  hydrogen  peroxide  it 

586).    Calcium  phthalateon  heatmg  gives  benzo-  reacts  with  formation  of  raonoperphthalic  acid, 

phonone,  benzene,  carbon  dioxide,  small  quan-  C00HC,H4-C000H  and  the  external  anhy- 

titles  of  other  hydrocarbons  and  anthraquinone.  ^^^^    ^f    ^^^    Three    molecules    of    phthalic 

The  acid  itself,  when  heated  with  excess  of  lime,  anhydride  combine  with  2  molecules  of  SbQ, 

violds  benzene  and  calcium  carbonate,  calcium  ^q  fop^j  ^  crystcdline  compound. 

Icnzoate  being  formed  as  an  intermediate  pro-  xhe  usual  method  for  the  detection  of  small 

duct.    The  acid  is  very  stable  towards  sulphuric  quantities    of    phthalic    anhydride    is   that   of 

acid,  merely  passing  into  its  internal  anhydride  fusion  with  about  twice  the  weight  of  resorcinol 
with  loss  of  water ;    more  strongly  heated  it  ,  jq  presence  of  a  drop  of  concentrated  sulphuric 

loses  a  little  carbon  dioxide  and  is  sulphonated.  acid.     In  this  way  fluorescein  is  produced  (v. 

With  sulphuric  acid  it  is    also  ^d  to^orm  injfra),   and  the  reddish-brown  product,   when 

a  definite  additive  compound,  C8H,044-H,S04  dissolved  in  dilute  caustic  soda  and  poured  into 

(Hoogcwerf  and  van   Dorp,  D.  R.   P.  21352).  ^  large  volume'of  water,  yields  a  magnificent 

Michaelis  has   prepared  a  phthalo-arsemc  acid  green    fluorescent    solution.     This    reaction    is 

(COOH),-C.H,-AsO(OH),  (Annalen,  320,  271).  ghown  by  all  the  ortho-dicarboxyUc  acids  of  the 

The    corustitviUm    of    the    acid    has    been  benzene  scries,  although  with  the  formation  of 

solved     by    Nolting     (Ber.     1885,     18,     2687)  ^  variety  of  coloured  solutions,  but  it  is  not  shown 

who  by  oxidising  the  three  xylenes  with  per-  by  ^he  mcta-  or  para-dicarboxylic  acids.      Suc- 

inanganate    obtained    excellent    yields    of    the  cinic  anhydride  shows  an  analogous  reaction, 

phthalic    acids.     As    meta-xylene   forms   three  a  method  for  the  quantitative  estimation  of 

isomeric  nitro-xylenes,  xylidenes  and  xylenols,  phthalic  anhvdride  in  presence  of  a  number  of 

ortho-  two,  and  para-  only  one  each  of  these  impurities  is*  described  by   Boswell  (J.   Amer. 
derivatives,    therefore    t>o-phthalic    acid    has  ;  Chem.  Soc.  1907,  29,  230).     It  consists  in  the 

positions  1,  3,  ordinary  phthalic  1,  2,  and  tero-  careful  sublimation  of  the  anhydride  and  subse- 
phthalic  1,  4,  for  the  carboxyl  groups.                  ;  qnent  titration  with  standardised  caustic  soda. 


Phthatte  anhydride  is  formed  (1)  by  distilla- 
tion of  the  acid,  (2)  by  wanning  the  acid  with 
acetyl  cUoride  (Laurent,  Marignac),  (3)  by 
interaction  of  lead  nitrate  and  phthalvl  chloride 
(f^howicz,  Ber.  1884,  17,  1283),  (4)  by  heating 
phthalonio  acid — itself  an  oxidation  product  oi 
naphthalene — ^to  2<X)^,  (5)  dissolving  the  acid  in 


Technical  Manufacture. 

Owing  to   the   extensive    use    of    phthalic 
anhydride   in    the    manufacture    of    synthetic 
indigo    {q.v,)     and     the     pyronine     and     tri- 
phenylmetbane    class    of    dye-stuffs,   a    cheap 
- .  .  -      technical  process  for  its  preparation  in   large 

phenol,  anisole,  or  veratrole,  containing  P,0,  quantities  was  essential,  and  this  has  been 
(Gazz.  chim.  itaL  30,  il  361),  (6)  shaking  a  achieved  in  the  various  patenU  of  the  Badische 
solution  of  sodium  phthalat«  with  two  molecules  ^nilin  u.  Soda  Fabrik  (c/.  D.  R.  P.  March  3l8t, 
of  acetic  anhydride  (Gazz.  chim,  ital.  26,  u.  482).  jgQg  91202;  Eng.  Pat.  18221,  August  17th. 
All  these  methods  are  represented  ultimately  by  iggg.  YtC^.  1894-1897,  164),  which  are  based 
the  equation —  upon    the    observation    that    naphthalene    is 

/COOH  /     /^^\  readily  oxidised  by  concentrated  sulphuric  acid 


/■ 


\ 


\      xCOOH  \      ^CO/ 

Phthalic  anhydride. 


O  4  H^O  containing  mercuric  sulphate,  its  oxide,  or  the 
metal  itself,  which  acts  as  a  catalyst,  and 
that  the  sulphur  dioxide  formed  by  the  rednc- 
*  4.U  *^o^  ®^  ^^®  mineral  acid  is  reconverted  into 
t>-Phthahc  acid  is  the  only  one  of  the  ,  gulphuric  acid  by  absorption  of  oxygen  from 
three  isomerides  which  gives  in  this  way  an  ^j^^  ^j^,  the  whole  process  being  practically 
inUmal   anhydride.     A    novel  method  of   pre-     continuous. 

paration  is  civen  by  Denham  (Chom.  Soc.  Trans.  j^^  ^y^^  English  patent  the  quantities  given 

1909,  95,  1235)  from  the  interaction  of  sulphur    ^^^  ^^  follows-— 
inonochloride  on  the  sodium  salt-  ^^  kUograms  naphthalene 

C:.H4(C00Na),  -» C.H4(C00S)a  ,    1500        „  sulphuric  acid  (100  p.c.  H,S04) 

— ^   Q  \{  ^-^'O^o  ^         »»  mercuric  sulphate. 

^^^^  In  place  of  naphthalene,  /3-naphthol,  naphthionic 

The  anhydrifle  cxi:«ts  as  long,  tough  needles,    acid,    or    phenanthrene    may    be    used.     The 
m.p.  128*,  b.p.  284° ;  it  is  very  sparingly  soluble    mercury  sulphate  remains  behind  as  residue  in 
in   cold,  more  readily  ko   in  hot,  water,  being    the  retort  and  is  used  over  and  over  again, 
gradually  reconverted  into   phthalic   a<;id  ;    in  It  should  be  borne  in  mind  that  a  too  vigorous 

alcohol  and  ether  it  is  readily  soluble,  and  oxidation  will  destroy  the  phthalic  acid  as  soon 
dissolves  in  alkalis  forming  phthalates.  With  as  formed,  and  therefore  the  preparation  should 
dry  ammonia  it  gives  phthalimide  {ate  below) ;  i  be  conducted  within  weU -defined  limilft  ^1 
with     alcoholic     ammonia     phthalamic     acid,  i  temperature — abowt 'i" Qi** -^Klftf* , 
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and  nitrophenola  by  the  action  of  alkalis  under  i  Aroh.  Pharm.  247,  220).  Pioklee  and  Welz- 
pressure  and  in  a  dilution  medium  such  as  '  mann  (Chem.  Soc.  Proo.  1904,'  20,  201)  have 
common  salt.  I  prepared  mono-aryl  hydroxyphthab'des  by  this 

Esters  of  phtballo  aoid  with  most  of  the  known  means,  which  give  by  the  action  of  water  keto 
alcohob  have  been  prepared  in  the  ufiual  way.  |  acids ;  anthraquinone  has  thus  been  prepared 
The  dimethyl  ester  distils  at  280^734  mm. ;  |  by  the  following  series  of  reactions : — 
diethyl  ester  at  295^ ;  diphenyl  ester  melts  at 
73*;  benzyl  acid  ester  has  m.p.  106®-107®, 
affording  a  good  characterisation  of  benzyl 
alcohol;  oyclohexanol  acid  ester,  m.p.  99^, 
neutral  ester  m.p.  66^  Various  esters  of 
phthalic  acid  are  used  as  solvents  for  resins, 
e.g,  copal  resin,  which  need  not  be  melted  to  be 
dissolved  (Hesse,  D.  R.  P.  227667). 

Piokard  has  accomplished  the  resolution  of 
various  complex  alcohols  into  their  optically 
active  components  by  making  the  acid-ester 
by  simple  fusion  with  phthalic  anhydride  and 
combining  this  with  active  bases  (Chem.  Soc 
Trans.  1907,  91.  1974). 

EZthyl  phthalate  reacts  with  ethyl  acetate 
and  sodium  to  form  ethyl  diketohydrindene 
carboxylate  ;  and  with  ethyl  propionate  and 
sodium,  yielding  methyl  diketohydrindene — 


C,H,<:^>CHCH. 

If  ethyl  succinate  be  substituted  for  ethyl 
propionate,  ethyl  dihydronaphthraquinone  di- 
carboxylate  is  formed. 

/\_<X)OEt ,  CH,<X)OBt 


C.H«<^>0+MgBtC,H, 

->  C.H.<ffiH.)(OH)^o 

-»  CeH4<cooft  *         C,H4<QQ>C,H4 

Simonis  and  Arand  (Ber.  1909, 42,  3721)  have 
succeeded  in  obtaining  acyl  benzoic  acids  by  the 
interaction  of  Orignud  reagents  and  phthalic 
acid  itself,  in  addition  to  the  dialkyl  phthalides 
just  described*  e.g.  using  excess  of  magnesium 
ethyl    bromide    he    isolated    o-carboxy-phenyl 

ethyl  ketone,  m.p.  97*,  C,H4<^^^*. 

Phthalic  anhydride  condenses  with  the 
cresols  or  their  methyl  ethers  in  presence  of 
boric  acid  or  aluminium  chloride  (c/.  phthalelu 
reaction  with  phenol) : 

C,H4<^>0+C,H4(CH,)0CH, 

->  C.H4<:^>C,H,(CH,)0CH,. 


\ 


/ 


I— COOEt+ 


CH.-COOEt 


Sulphuric  acid  e£fects  the  closing  of  the  ring 

,  in  the  condensation  product,  givinff  oxy-meth^ 

/'V^'^^'^^ClKXDOEt  i  anthraquinones  and   their   methyl  derivatives 

->  1  1  (v.  Methyl  Anthbacxne  ;  cf,  Bentley,  Gardner, 

K     >^   r^r^    ^OH<X)OEt  '  ^^^   Weizmann,  Chem.  Soc.  Trans.    1907,  91, 

XX^^CO.-^  1626 ;    Lambrecht,  Ber.  1909,  42,  3591).     The 

simplest  case  of  the  above  condensation  was 
Derivatives  and  Condensation  Prodvcts  of  Phthalic    worked  out  by  Friedel  and  Crafts,  who  con- 

Anhydride,  densed    phthalic    anhydride    and    benzene   in 

presence    of    aluminium    chloride,    with    the 
The  extraordinary  reacti  vitv  of  the  anhydride    ultimate  formation  of  anthraquinone  : — 
accounts  for  the  great  number  of  important  rri.n  u 

derivatives   which   have   been  prepared.     First  ,  CeH4<p>;>0+CeH,  ->  CeH4<XXi'A"» 
among    these    should    be    mentioned   phihalyl  ^^  _^ 

chloride  C.H4<^^»>0,  obtained  by  the  action 

of  phosphorus  pentachloride.  It  is  a  liquid  of 
b.p.  2767726  mm.,  solidifying  at  O^C.  From 
this,  by  the  action  of  ethyl  alcohol,  is  obtained 

the  ether,   CeH^<^J^^^>0,    while    it    also 

condenses  ^ith  ketones  or  itith  ethyl  sodio- 
acetate  (Fischer  and  Koch,  Ber.  16,  661 ;  Biilow 
and  Koch,  Ber.  1904,  37,  577  :  1905,  38,  474). 
Reduction  of  phthalyl  chloride  with  zinc  and 
hydrochloric     acid     produces     the     important 


,C0 


->  C.H,<^^>C,H,+H,0 

(F.  Anthraqudiokb,  also  Friedel  and*  Oaf ts, 
Ann.  Chim.  Phys.  [ vi.l  14.  446 ;  HeUer,  D.  R.  P. 
193961.) 

Phthalic  anhydride  condenses  with  phenols 
in  presence  of  a  dehydrating  agent  like  zinc 
chloride  or  sulphuric  acid,  yielding  a  class  of 
colouring  matters  known  as  the  phthalclns. 
which  are  fully  dealt  with  in  the  article  on 
Triphenylmetbane  coloubino  mattebs.  The 
Kimplest  member  of  the  series  is  phenolphthalcin. 


derivative  phihalide    C,H4<^,^«>0,  m.p.  73'    prepared  by  condensing  phthalic  anhydride  with 

,     T  X        1     -.1-        .•         J      J      J-  2  molecules  of  pheno    (Baeyer,  Ber.   1874,  7 

(v.  Lactones),  and  with  acetic  acid  and  sodium  nnos *^  "^  ' 

CH  OH'  ^^°i~~ 
amalgam  the  phthalyl  alcohol,  C.H^^^Jj^'qjj. 

Griniard*s  reagents  act  on  phthalic  anhy- 
dride, forming  the  dialkyl  and  diaryl  phthalideSy 
of  wbiich  a  large  variety  have  been  prepared  : — 

C,H,<C0;;,04-RMgBr 


CO 
-^  r'  M  ^COOH 
^•"*X^R2(0H) 

(c/.  Bauer,  Ber.  1904,  37,  735 ;  1905,  38,  240  ; 


CeH,<CO->0 


C«"*<C0>^+2C.H,0H 

=^«"*<C0— — >^+"t^- 
PhenolphthalelD. 

When  resorcinol  is  substituted  for  phenol  in 
this  condensation,  the  product  is  the  beautiful 
green  fluorescein  acid,  the  sodium  salt  of 
which  is  known  in  conimcrco  as  the  dyestuff 
uranine — 
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CO  /~^s_OH 

C.H«<(\0  +   \-^ 
00  OH 

OH 
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cyo 


H 


=C,H, 


'   i  \ 

0 
\1 

CO 


> 


OH 


\OH+2H.O. 


anhydride  of  this  (c/.  Tingle,  J.  Amer.  Chem. 
Soc.  1910,  32,  113  and  1319).  An  example  is 
that  of  glycine  and  phthalic  anhydride,  which 
give  phthalyl  glycine 

C,H4<^>NCH,C00H, 

the  ester  of  which  Gabriel  and  Colman  (Ber. 
1902,  35,  2534)  have  converted  into  an  iso- 
quinoline  derivative  on  heating ;  hydrolysis 
of  this  leads  to  the  compound  (f.)»  which  with 
nitric  acid  yields  the  interesting  substance, 
phthalonimide  (II. )>  m*P*  224®,  a  compound 
obtained  also  from  carbindigo — 


FlaoTesceXn. 
Eosin  is  another  well-known  member  of  this 
series  of   colouring  matters,   and  is   a   bromo 
derivative  of  fluorescein. 

Catechol  condenses  with  phthalic  anhydride 
in  presence  of  concentrated  sulphuric  acid  with 
formation  of  hystazarin  and  alizarin  : 

CO^  -       OH 

CeH./      Y^Sh        C.H. 

\co/^s/ 

Hystazarin.  Alizarin. 

An  interesting  condensation  is  that  carried 
out  by  liarohese  (Gaz.  chim.  itaL  37,  ii.  303). 
Phthalic  anhydride  was  caused  to  react  with  2 
molecules  of  sodium  hydrindene  carboxylic  ester 
in  presence  of  acetic  anhydride,  with  the  forma- 
tion of  the  complex,  anhydrophthalo-bisdiketo- 
hydrindene.  m.p.  about  326® — 

CO 


C.H, 


CO NH 


C<OH) 
I. 


:CH 


^CO—NH 

^•^*\co4o 
n. 


C  :    C<^C.H, 


CO 


C  :  C<f)C,H, 

In  many  reactions  phthalic  anhydride  shows 
a  similarity  to  aldehydes.  It  is  attacked 
by  nitromethane  in  ether  solution  at  10®,  and 
on  adding  methyl  alcohol  and  sodium  ethoxide, 
two  products  are  isolated  (Gabriel,  Ber.  1903, 
36,  570)— 

^•^*<COOH      *"^       •    *'^cO>^ 

Again,  phthalic  anhydride  condenses  with  1 
molecule  ot  a-picolene  just  as  docs  acctaldeh3'do 
or  benzaldehyde,  yielding  in  this  case  y-pyro- 
plUhalone — 

C.H,<gg'^»C.H,N)^0 

this  being  known  as  the  '  phthalonc  reaction  * 
(During,  Ber.  1905,  38,  161).  The  same  re- 
action occurs  with  quinaldine  (Eibner,  Ber. 
1904,  37, 3605)  with  the  lutidincs,  in  some  cases 
using  zinc  chloride  (Scholze,  Ber.  1905,38,  2800: 
Lanper,  ihid,  3704).  with  o- methyl  indol 
(Fischer,  Annalen,  1887,  242.  381),  and  with 
cotamine  (KnoU  and  Co.,  D.  R.  P.  176079). 

With  amines  and  amino  acids,  phthalic 
anhydride  gives  an  important  series  of  com- 
pounds of   the  type,   C.H4<^^^j^^  or  the 


Andreasch  has  prepared  in  this  way  the  phthalyl- 
alanine  (m.p.  164®)  (Monatsh.  26,  774;  c/. 
also  Fischer,  Ber.  1907,  40,  489 ;  and  Annalcm, 
1888,  248,  152— for  tourine).  With  benzidine 
the  condensation  is  effected  in  aqueous  solution, 
giving  the  compound — 

CO— NHC.H, 

^CO— NHCeH* 

(Koller,  Ber.  1904,  37,  2880). 

Sodium  benzamide  or  sodium  acetamide  give 

the  acvl  phthalaminic  acids  (Titherley,  Chem. 

.  Soc.  Trans.  1906,  89,  708),  which  pass  into  the 

acyl  phthalimides  on  dehydration  with  acet\^l 

chloride — 

«  «'<CaNH.COR -»  C.H,<CO>N.CO-R 

Some  applications  of  the  above  reactions 
to  the  preparation  of  dj'estuffs  are  given  : — 

p-chlor-quinaldine  condensed  with  phthalic 
anhydride  and  sulphonation  of  the  quinophtha- 
lone  so  formed — 


CO 

s 

CcH4^      /O  / 

C :  CH—        I       I 


/\/\/ 


a 


\ 


K 


\ 


/ 


leads  to  a  valuable  yellow  quinoline  dyestuff 
(Bayer  and  Co.,  D.  R.  P.  204255 ;  Ehg.  Pat. 
1908,  28266 :  Frdl.  1908-1910.  280). 

a-aminoanthraquinone  in  nitrobenzene  con- 
denses with  phthalic  anhydride  in  presence  of 
phosphorus  pentachloride  yielding  an  orange - 
yellow  dye  (D.  R.  P.  216980 ;  Eng.  Pat.  27098, 
1901 ;  Frdl.  1908-1910,  753).  Dyestuffs  of  the 
acridine  series  may  be  obtained  by  heating 
phthalic  anhydride  \\'ith  phenylene  or  toluylene 
diamines  in  [jresence  of  the  hydrochlorides  of 
these  bases,  ^nth  or  without  a  condensation 
acent  such  as  zinc  chloride  (D.  R.  P.  141366 ; 
Eng.  Pat.  11711,  1902  ;  Frdl.  1902,  1904.  316). 

Phthalyl  chloride  condenses  with  remarkable 
ease  with  substances  possessing  labile  hydrogen 
atoms,  which  combine  ^vith  the  chlorine  atoms 
causing  the  evolution  of  hydrogen  chloride,  e,g, 
malonic  ester,  acetoacotic  ester,  cyanacetio 
ester,   &c. 

Billow  and  his  collaborators  (Ber.  1904J 
37,    4371);     1900,    39,    2275)    have    condensed 
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it    with    aoetyl    acetone,    and    obtained    the 
products — 

CO  CO 

C.H^/^O  and   C.H4<^\o 

C :  C(COCH,),  C :  CHCOCH,, 

the  second  of  which  readily  passes  into  6-acetyJ 
diketo-hydrindene — 

CO 


C,H4<;>CHC0-CH, 

CO 
(c/.  also  Eil^ner,  Ber.  1906,  39,  2202). 

Thb  Hydbophthauc  Acids. 

The  classical  work  associated  with  the  name 
of  von  Baeyer  on  the  reduction  of  the  phthalic 
acids  has  done  much  to  extend  our  knowledge 
of  valency,  and  especially  of  the  constitution 
of  the  benzene  ring.  His  researches  (Annalen, 
1873,  166,  346;  1890,  258.  214 ;  1892,  269,  154) 
enunciate  the  genersd  rule,  that  entrance  of 
hydrogen  atoms  into  the  molecule  undergoing 
reduction,  always  takes  place  by  attachment  first 
to  the  a-carbon  atoms,  t.«.  those  which  are 
adjacent  to  carboxyl  groups.  For  example, 
adopting  the  special  nomenclature  for  the  hydro- 
benzenes,  namely — 

1  1 


6/\2 

el  J3 


4 
.1.6 


then  the  reduction  of  ortho-phthalic  acid  with 
sodium  amalgam  in  weak  acetic  acid  solution, 

s  f> 

gave     rise    to    the    irans-A  *  -dihydrophlhalie 

^^/COOH 

;\H 
I  /^ 
^/\COOH 

which  melts  at  210^.  This  is  also  prepared  by 
electrolysis  of  phthalic  acid  in  hot  15  p.c. 
aqueous  sulphunc  acid  (Met tier,  B«)r,  1906,  39, 
294 1 ).  The  CM-f  orm  is  only  obtained  by  acting  on 
this  with  acetic  anhydride  for  7  minutes,  when 
the  CM^nhydfide,  m.p.  100°,  is  formed,  which  on 
boiling  with  water  yields  the  eis-acid,  m.p.  175®  ; 
prolonged  boiling  converts  the  cis-  into  trans- 
form. The  above  A^  acid  is  what  is  known  as  a 
fiy  doubly  unsaturated  acid,  the  double  Unkings 
being  both  attached  to  fiy  carbon  atoms  with 
reference  to  the  carboxyl  groups.  This  type  of 
acid  readily  undergoes  inversion  by  digesting 
with  alkalis  such  as  caustic  soda,  due  to  the 
shifting  of  the  double  bonds  to  the  afi  position 
in  each  case,  so  that  the  compound 

A^  -dihydroplUhulic  ncid 

\_COOH 
^— COOH 

is  obtained.  This  acid  is  exclusively  formed 
when  the  reduction  of  phthalic  acid  with  sodium 
amalgam  is  carried  out  in  alkaline  solution. 
Jt  melts  at  215^  and  its  anhydride,  formed  by 


the   action   of   acetyl   chloride,   melts   at   84^. 

Benzoic  acid  may  be  obtained  from  this  a^'^- 
acid  on  oxidation.  It  is  not  afifected  by  boiling 
with  aqueous  caustic  soda,  but  very  concen- 
trated alcoholic  potash  produces  the 

A^'  ^•Dihydrophthalie  Acid 

/\^COOH 
\^^MX)0H, 

which  melts  at  180^,  and  which  is  also  obtained 

indirectly  from  the  dihydrobromide  of  A^>^ 
dihydrophthalic    acid    and     methyl    alcoholic 

potash.  When  this  A^'^-acid  is  boiled  for  6 
minutes  with  acetic  anhydride,  the  anhydride 
of  a  new  acid, 

A^^^-Dihydrophthnlie  Acid 
/\— COOH 


II      II 


—COOH 


is  formed,  and  on  decomposing  this  with  boiling 
water  the  above  acid  is  obtained,  m.p.  153  . 

BoiUng  caustic  soda  converts  it  into  the  A^*  ^  and 

A^'^  isomerides.  It  may  be  oxidised  back 
again  into  phthalic  add.  The  anhydride  of 
the  acid  melts  at  133''. 

Abati  and  Bernardinis  (Chem.  Zentr.  1905, 
i.  1318)  have  isolated  the  two  remaining  di- 
hydrophthalic acids  bv  a  careful  scheme  for 
separating  the  initial  reduction  products  obtained 
as  described  by  Baeyer.    These  are  the — 

A^*^  Dihydrophthalic  Acid 

V_ COOH 


r 


II 


-COOH, 


the  anhydride  of  which  mclte  at  50''-60*',  and 
also  the 

A^'  ^'Dihydrophthtdic  Acid^ 

\^— COOH 

which  is  obtained  by  heating  the  A^*^-acid  to 
230°  in  a  closed  tube  ;  also  by  the  intermediate 

shifting  of  the  double  linking  in  the  A^*  ^-acid 
by  means  of  caustic  soda.  Its  anhydride  melts 
at  73°  (c/.  also  Abati,  Gaz.  chim.  ital.  38,  i.  152). 
The  Tetrahydrides  are  five  in  number.  On 
reducing  a  boilinff  solution  of  sodium  phthalate 
with  sodium  anudgam, 

A^-Tetrahydrophthalic  Acid 

I^^^COOH 
'    /-COOH 

is  formed,  m.p.  215° ;  the  anhydride  melts  at 
79°,  and  is  made  by  heating  the  acid.  When  this 
acid  is  heated  for  a  considerable  time  at  its 
melting-point,  the  anhydride  of 

A^-Teirahydrophihalic  Acid 
/\- COOH 


^>co 


OH 


is  produced,  which  on  boiling  with  water. gives 
rise  to  the  above  A^-acid,  m.p.  120°.  The 
anhydride  molU  nt  74*.     This  is  also  prepared 
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by  distilling  the  tetrahydride  of  pyromellitic  acid. 

It  changes  back  into  the  A^-acid  with  concen- 
trated potash,  and  permanganate  ozidiaes  it  to 
adipio  add 

Trans- A^'ietrahydropMhalie  Acid 

I!  UH 

\/\COOH 

ia  formed,  together  with  A^-acid,  by  reducing 

the  A^»®  dihydride  in  boiling  water  with  sodium 
amalgam,  tKat  is — 

'^^^-CX)OH        H.         /  \— COOH 


— COOH 
.2.6 


^\y 


— €00H 


{Cf.  Thide,   Annalen,    1899,   306,    125.)    This 

A^-add  mdts  at  218° ;  its  anhydride,  made  by 
the  action  of  acetyl  chloride,  melts  at  140  , 
and  the  meihyl  ester  mdts  at  40^  The  acid 
changes  on  heating  into  the  cis-fomt,  which  is 

also  obtained  by  reducing  the  A^*  ^-acid  at  0° 

with  sodium  amalgam.     This  CM-A^-acid  mdts 
at  174^  and  its  arJiydride  at  58^ 
The  remaining  isomeride — 

A^'Teirahydrophthalic  Acid 

/\— C500H 
Li— COOH 

is  described  by  Abati  and  Vergari  (Gazz.  chim* 
itaL  1909,  39,  ii.  142).  Its  anhydride  mdts  at 
TO^'-Tl^. 

Both  the  di-  and  tetra-hydrophthalio  acids 
are  unstable  towards  permanganate  and  with 
milder  oxidising  agents  may  be  oxidised  back 
to  phthaUo  acid.  They  form,  as  a  rule,  additive 
compounds  with  bromine  or  hydrobromio  acid, 
and  yield  on  reduction  hexahydrophthalic  acid 
(cf,  also  Graebe  and  Born,  Annalen,  1867,  142, 
330 ;  Astie,  Annalen,  258,  187).  The  physical 
properties  of  all  these  acids  have  been  carefully 
measured  by  Abati  and  his  collaborators  (Gazz. 
chim.  ital.  39,  ii  142;  Chem/Zentr.  1907,  i.  886). 

Trans 'hexahydrophthalic  Acid 

/COOH 

^H 

/H 

\COOH 

is  prepared  by  reducing  all  the  lower  hydrides 
or  their  halogen  additive  compounds,  dther  ^^ith  . 
sodium  amalgam  or  zinc  dust  and  acetic  acid,  i 
It  melts  at  221**,  and  is  not  oxidised  by  cold  ' 
permanganate.     The  anhydride  mdts  at   140**, 
and  the  dimethyl  ester  at  33°.     When  dowly 
heated,  the  acid  yidds  the  anhydride  of  cis- 
hexahydrophthalic    acid,    from   which  the    free 
acid  is  obtained  by  boiling  with  water.     The  j 
acid  melts  at  192°,  and  the  anhydride  at  32^. 

NiTEOOEN   DERIVATiyES. 

Phthalimide  CeH4<^^>Nfl  is  formed  by 

the  action  of  ammonia  gas  on  molten  phthalio 
anhydride,  and  is  a  most  important  stage  in  the 
manufacturing  process  of  synthetic  indigo. 
The  method,  due  to  Kuhara,  is  a  quantitative 


one.  Dry  ammonia  gas  compressed  in  oylinden 
is  u8od«  and  is  passed  into  the  phthalic  anhydride 
until  it  ceases  to  be  absorbed,  the  process  occupy- 
ing in  all  about  18  hours.  The  chief  condition 
is  that  at  the  end  of  the  operation,  when  complete 
transformation  of  anhydride  into  -imide  has 
been  effected,  the  mass  should  remain  in  the 
molten  state ;  the  anhydride  melts  at  128° 
and  the  imide  at  228°,  hence  during  the 
progress  of  the  operation  the  temperature 
should  be  maintained  1°  above  the  latter.  The 
molten  product  is  run  off  and  allowed  to  cod 
and  crystallised  in  open  pans;  650  kUos.  of 
anhydride  yield  635  kilos,  of  phthalimide. 

Phthalimide  may  also  be  prepared  by  heating 
phthalio  anhydride  wiih  urea  (Dunlap),  or  with 
aliphatic  nitriles  (Matthews,  J.  Amer.  Chem. 
Soc.  1896,  18,  680;  1898,  20,  654),  or  with  form- 
amide,  acetamide,  and  other  amides,  acutanilide, 
and  similar  compounds.  It  exists  as  cdooriess 
plates,  m.p.  228°,  and  may  be  sublimed. 

Beactians. — ^Amyl  alcohol  and  sodium  reduce 
phthalimide  to  o-mothyl  bcnzylamine  (Bam- 
berger, Ber.  1888,  21,  1888).  Distilled  with 
lime,  it  loses  water  and  carbon  dioxide,  yidding 
benzonitrile  (Reese,  Annalen,  1887,  2i2,  5). 
With  alcoholic  potash  it  forms  a  potassium 
derivative, 

CeH,<^^>NK 


C  „  ^CONH, 


which  on  boiling  with  water  is  converted  into 
potassium  phthalamate. 

From  the  point  of  view  of  indigo  its  most 
important  reaction  is  that  discovered  by 
Hoogewerff  and  van  Dorp  (D.  R.  P.  66988), 
with  alkaline  KOBr  at  80°,  when  it  is  transformed 
into  o-aminobenzoic  acid,  or  anthranilic  acid — 

/x^^co.  \./"^^* 

I       ,  >NH      ^     I        I 

\/\C0  \/\cOOH 

Mohr  (J.  pr.  Chem.  [ii.]  80,  1 ;  D.  R.  PP. 
127138,  139218;  Frdl.  1902-1904,  118-120) 
has  modified  this  by  using  NaOCi,  and  states 
that  sodium  isatoic  acid  anhydride  is  probably 
formed  as  an  intermediate  compound,  which 
excess  of  caustic  soda  converts  into  sodium 
anthranilate — 


NaOn 


CO 

C.H,;      NH     ^ 

CO 
^'00  Na 
C.H,<^  .NCI     -; 
^'^ONa 

N  =  C(ONa) 


,,  „    A^OONa 
^•"«^CONH, 

C.H<^OONa 


low  ^COONa  p  „  /COONa 

>^6^4'^:>jHCOONa    ->     ^•"*^NH. 


excess 

Phthalimide  forms  a  potassium  derivative 
exactly  as  does  malonic  ester,  in  which  also  the 
metallic  radicle  may  be  substituted  for  alkyl 
by  contact  with  lialogen  compounds  {eee  reswnp 
by  Sorensen,  Zoitsch.  physikal  Chem.  44, 
4-18 ;  Chem.  Zentr.  1905,  ii.  401  ;   cj,  also  Bull. 
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Soc.  chim.  33,  1042).  Gabriel  describes  an 
interesting  example  of  this  nse  of  potassium 
phthalimide  with  dibromopropane — 

CO 
C,H,^'^NK-hBr-CH,-CHa-CH,Br 


soda,  leads   to   the  formation   of  anthranilic 
acid — 


CO 


>0H 


V 


CO 

C,H4<Q>N[CHJ,Br 


VX)-NH0H   \^ 


ys^^COOH 


\/Ay     KftiCOa 
C:NOH 


^NHt 


with 


CO 
00 


C.H,<>N[CHJ,0H 

(Ber.  1905,  38,  2389). 

Two    molecules   of    phthalimide    may  also 
combine  with  the  halogen  ddrivative,  giving 

CO  CO 

c,H4/^n-ch,-ch,-ch,-n/\c,h^ 

CO  CO 

and  this  on  hydrolysis  with  mineral  acids 
yields  trimethyieno  diamine  and  2  molecules 
of  phthalio  acid,  thus  providing  an  excellent 
general  method  for  the  preparation  of  dia* 
mines. 

Various  mercaptan  derivatives  of  phtha- 
limide have  been  prepared  by  Manasse  (Ber. 
1902,  35,  1307). 

The  German  patent  No.  139553  describes 
the  preparation  ox  phthat-chlorimide  by  leading 
chlorine  into  an  aqueous  suspension  of  phthali- 
mide. 

A  40  p.0.  solution  of  formaldehyde  gives 
with  phthalimide  a  methyl  phthalimide  of  m.p, 
132®  (Breslauer  and  Fictet,  Ber.  1907,  40,  3784). 
Various  Grignard  reagents  have  been  tried  with 
success  upon  phthalimide  (c/.  B^s,  Compt.  rend. 
138,  987  ;  Sachs  and  Ludwig,  Ber.  1904,  37, 
385).   With  tin  and  hydrochloric  acid  it  is  reduced 

to     phthaUmidine    C,H4<^«>NH    (Graebe, 
Ber.  1884,  17,  2598 ;  Annalen,  1888,  247291). 

.CONH 


Phthalyl  hydrazide  C^B^ 


/ 


\C0NH 


is   made 


from  the  anhydride  and  hydrazine  (Curtius,  J. 

Sr.  Chem.  [ii.]  51,  376).  ifhe  phenyl  hydrazine 
erivatives  exists  in  two  forma ;  the  first  product 
of  the  condensation  is  probably  a  simple  additive 
compound — 

^5"4  ^CONHNHC.H„ 
which  splits  off  water  in  two  ways,  giving — 

9.^  /CO— NH 

C.H^'     >N-NH-C,H,  and   CeH^  i 

>,5  \:o-N-c.n. 

a  Phthalyl  plienylhydrazine,  m.p.  179°.        0  form. 

(Dunlap.  J.  Amer.  Chem.  Soc.  1905,  27,  1091). 

Phthalyl  semicarbazide  melto  at  262''. 

Phthalylhydroxylamine.  Hydroxylamine  con- 
denses \^'ith  phtholic  anhydride  in  aqueous 
dilute  alcoholic  solution  or  in  caustic  soda, 
with  formation  of  phthalylhydroxylamine,  m.p. 
204**-206®  in  good  yields  (Baslor  Chemische 
Fabrik,  D.  R.  PP.  130680.  130681).  Treat- 
ment of  the  hvdrochlorido  of  this  with  sodium 
carbonate,  ana  subsequent  action  of  caustic 
Vol.  IV.— T. 


(D.  R.  P.  186788 ;  PrdL  1902-1904, 117). 

CO 

Phtfaalann    C,H4<^N<J,H„    m.p     205», 

CO 

is  formed  by  heating  1  molecule  of  sodium 
phthalate  and  2  moleculee  of  aniline  hydro* 
chloride  in  a  closed  tube  for  6  hours  at  200* 
(J.  Amer.  Chem.  Soc.  1903,  26,  612). 

PhtfaalonltrDe    C,H«<^   ia  obtained  from 

2-aminobenzonitrile  by  conversion  of  the  NH, 

froup  into  CN  (Pinnow  and  S&mann,  Ber.  1896, 
9,  630) ;  and  from  o^cyanobenzaldozim  by 
dehydration  in  contact  with  acetic  anhydrk(e 
(Posner,  Ber.  1897,  30,  1698).  It  forms  odour- 
less needles,  m.p.  142^,  distils  without  deoom- 
position,  and  is  volatile  in  steam.  It  is  trans- 
formed into  phthalic  acid  on  hydrolyids  with 
concentrated  nydrochloric  acid. 

SemlnttrUe  of  Phfhalie  aeid  C,H4<^q2  (o- 

cyanobenzoic  add)  is  prepared  from  anUiranHio 
acid  by  the  Sandmever  reaction  (Ber.  1885,  18, 
1499)  •  by  the  action  of  NH,  upon  phthalyl 
chloride  (Hoogewerff  and  van  Borp,  Rec  tray, 
chim.  11,  91  •  <?/.  Kuhara,  Amer.  Chem.  J.  8,  26  • 
Auger,  Ann.  ChiuL  Phys.  [vi.]  22,  289) ;  and 
from  benzaldehydeoxime-carboxylic  add  by 
contact  with  acetic  anhydride.  It  exists  as 
needles  melting  at  180^>190®  and  changing 
simultaneously  mto  phthalimide.  Heating  wil£ 
water  produces  acid  ammonium  phthalate. 
The  mdkyl  ester  melts  at  51",  and  the  ethyl  ettet 
at  70**. 

SXTBSTITtTTED   PhtSALIO   AcIDS. 

Many  cMoro,  hromo,  niiro,  ntdph)  substi- 
tuted phthalic  acids  are  known,  and  references 
to  these  are  frequent  in  Beilstein*s  Handbuch 
der  Organischen  Chemie,  vol.  ii.  and  its  supple- 
ment ;  also  FrdL  1887-1890,  93 ;  Villiger,  Ber. 
1909,  42,  3529.  When  phthalic  anhydride, 
dissolved  in  fuming  sulphuric  acid,  is  treated 
with  chlorine  in  presence  of  a  little  iodine 
(Juvalta,  D.  R.  P.  501 77),  the  following  reaction 
occurs : — 

^."«<m>0+4Cl-h2SO, 


-CI,CeH,<:^>0+2  C1-S0,H 


Separation  of  the  products  is  possible  owing 
to  a  ciifference  in  solubility  of  the  zinc  salts,  by 
a  recrystallisation  of  which  three  isomerides  are 
separated.  The  chief  product  is  3  :  Q-dickloTo) 
phthalic  acid  (I.),  smaller  quantities  of  3 :4  (II.- 
and  very  little  of  4:5  (III.),  being  isolated — 
CI 

l^—COOH      ^^—COOH  a/^— COOH 
I  /i— COOH  Cl\^^— COOH  Cl^  ^— COOH 

CI  a 

1.  II,  ni. 

a 
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The  3 : 6  acid  has  m.p.  2S39-25S'' ;  and  its  anhy- 
dride, m.p.  339*». 

These  acids  are  more  soluble  in  water  and 
ether  than  ordinary  phthalic  acid,  and  the 
anhydrides  can  be  distilled  (c/.  also  Graebe, 
Ber.  1900,  33,  2019). 

A  fourth  isomeride  is  described  by  Crossley 
and  Le  Sueur  (Chem.  Soo.  Trans.  1906,  81, 1533), 

viz,  the  3 :5-dichlorophihalic(tcid     \       |     p|-|rvTT 


^ 


(c/.  also  Glaus,  Ber.  18,  1370  ;  19,  3175  :  J.  pr. 
Cjhem.  lii.]  43,  253,  582;  Le  Royer,  Annalen, 
1887,  238,  350). 

3 :  Q'dichlorophthalic  anhydride,  which  is 
now  a  commercial  product,  has  been  condensed 
with  the  three  xylenes  and  the  closing  of  the 
ring  effected,  with  formation  of  dichloro- 
dimethyl-anthraquinones  (Harrop,  Norris  and 
Weizmann,  Chem.  Soc.  Trans.  1909,  96,  1312)— 


a    CO  CH, 


k/k/V 


CH, 


\/" 


a. 


a  CO 

Of  the  four  possible  dibromophthtUic  acids  only 
the  para  (3  :6-).  m.p.  135®,  is  at  present  made, 
the  yield  being  30  p.c. ;  ICK)  grams  of  dibromo- 
naphthalene  is  stoongly  heated  for  2  hours 
with  2  litres  of  nitric  acid  (sp.gr.  1*4) ;  first 
a  nitrated  product  is  obtained,  and  then  on 
evaporation  of  the  mother  liquors  to  one-third 
the  volume,  white  crystals  of  the  3 : 6-dibromo- 
phthalic  acid    appear    (Severin,   Chem.    Zentr. 

1907.  i.  1119). 

Nitro-phthalic  acid,  Holleman  (Chem.  Zentr. 

1908,  ii.  2011)  has  studie<l  quantitatively  the 
action  of  concentrated  nitric  acid  on  phthalic 
acid  at  30®,  and  has  found  that  the  product 
contains  49*5  p.c.  of  the  o-  and  50*5  p.c.  of  the 
^-nitrophthalic  acid — 

NO, 

/  Y_COOH        N0,/\— COOH 

-COOH  I       l—COOH 

Sulpho-phthalic  acids.  The  Badische  Anilin 
und  Soda  Fabrik,  has  obtained  an  English  patent 
(J.  Y.  Johnson,  No.  18221,  August  17,  1896)  for 
the  preparation  of  a  disulphonic  acid.  100  kilos, 
of  naphthalene  is  dissolved  in  300  kilos,  of  fuming 
sulphuric  acid  (23  p.c.  SOj)  and  mixed  with 
1200  kilos,  concentrated  sulphuric  acid  (95  p.c). 
The  mass  is  heated  for  10  hours  at  about  250® ; 
a  certain  amount  of  phthalic  acid  distils  over 
during  the  reaction.  The  product  is  neutralised 
with  calcium  or  barium  carbonate  and  worked 
up  in  the  usual  way.  The  new  disulphonic  acid 
of  phthalic  acid  may  be  separated  from  water 
in  crystalline  nodules  in  the  form  of  its  barium 
salt. 

If  the  temperature  is  maintained  at  about 
220®,  a  monostdphonate  of  phthalic  acid  is 
obtained. 

Hydroxy -phthalic  acids,  Bentley  and  Weiz- 
mann (Chem.  Soc.  Trans.  1907,  91,  98)  have 
sulphonated  phthalic  anhydride  with  fuming 
sulphuric  acid  (73  p.c.  SO3)  at  200®  and  fused  the 
products  with  caustic  soda,  obtaining  in  this 


way  Ai'hydrojcy-phthalic  acid,  and  as  by-product 
m- hydroxy  benzoic  acid — 


i^N— CX)OH 
SO,h'n^— COOH 


/^,— COOH 
HOL    j— COOH 


'"''^      HO'^^J— COOH 

4i-hydTOxy-phthalic  acid  melte  at  204®-205®,  its 
anhvdride  at  171®-173® :  the  mdkoxy  acid  at 
178®  and  the  anhydride  of  this  at  98®. 

The  same  authors,  with  Miss  Bona  Robinson 
(Chem.  Soo.  Trans.  1907,  91,  104'>,  prepared 
1  :  b-di-methoxy-naphihalene  and  oxidised  this 
with  permanganate,  obtaining  3-meiAaxy- 
phihtdic  acid^  m.p.  173®,  the  anhydride,  of  which 
melU  at  160®— 


I       I       I 
OCH, 


OCH, 


,/\-COOH 
I       !_COOH 


V" 


OH 

OH  OCH,                 OCH, 

Fusion  of  the  methoxy  acid  with  caustic 
potash  gives  rise  to  the  ^-hydroxy-phihalic  acid, 
m.p.  150®— 

CH,0  OH 

/^— COOH  ^         /\— COOH 

l—COOH  ^^         I  y— COOH 


v/ 


CHO 


Phthalaldehyde  C.H4<^^.  When  o- 
xylene  is  brominated  it  yields  the  tetrabromide 

J— CHBr, 
y— CHBr, 

If  400  grams  of  this  bromide  are  heated  with 
360  grams  of  finely  powdered  crystalline  potas- 
sium oxalate  in  an  oil-bath  for  40  hours,  in 
contact  with  2^  litres  of  water  and  24  litres  of 
95  p.c.  ethyl  alcohol,  a  clear  yellow  solution 
results,  with  evolution  of  some  carbon  monoxide 
and  dioxide.  After  distilling  off  2  litres  of 
alcohol,  which  is  used  again  subsequently,  700 
grams  of  crystalline  sodium  phosnhate  are 
added,  and  the  mass  is  subjected  to  oistillation 
in  steam,  which  drives  over  the  phthalic  alde- 
hyde. The  product  is  readily  soluble  in  water, 
and  therefore  the  distillate  is  extracted  several 
times  with  acetic  ester,  which  dissolves  out  the 
aldehyde,  a  90  p.c.  yield  being  obtained  in  the 
form  of  yellow  needles,  m.p.  56®  (Thiele  and 
Giinther,  Annalen,  1906,  347,  106). 

Strong  alkali  converts  nhthalaldehyde  into 
phthalide,  which  appears  to  be  an  intramolecular 
change  into  a  more  stable  isomeride — 


C,H,<CH.>0 


It  is  interesting  to  compare  this  with  the 
'  lactone  tautomerism  *  of  aldehydo  phthalic 
acid  and  hydroxy  phthalide,  which  can  react  in 
either  form — 

/CHO  ^^CH'OH 

^'•"*\,COOH        "^       ^'"^^CO"^^ 

rhthalaldehyde  condenses  rca<lily  with  a 
large  number  of  substances  by  virtue  of  its 
two  — CHO  groupings ;    e,g,   with  acetone   it 
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yields   ^-acetyl   hydrindone  (Thicle   and  Falk,  and  by  the  action  of  a  hot  solution  of  onprous 

Annalen,  1906,  347,  112;    1909,  369,  287)—  potassium  cyanide  on  m-diazobenzoic  chfcride 

«„  ^CHO  inu   nn  nu  ^^^    saponification    of    the    resulting    nitrile 

^•"•"^CHO"*"       »^  »  (Sandmeyer,  Ber.  1886,  18,  1498). 

«  XT  /CH-\|-,TT  r*n  n-u    i  u  n  ^^  exists  in  the  form  of  long  slender  needles 

=  ^«ii«<^CO  >^^'^^*^*i»+«t^  when  crystallised  from  water,  which   melt  at 

QQQQ  about  300^  and  which  may  be  sublimed,  without, 

PhthJtlOIlie    acid     ^6^4'*Cr'n.nnnTT>     ™*P*  however,  forming  the  corresponding  anhydride. 

tAAO  jAKO  •   t  1    .       .  *      \^    ;      .  4         The  dfm«<*yl  Mter  melts  at  67«-68<»  (Baeyer, 

144M45«,i8formedatjwimteraediate  stage  of  ^^    jggg    ^^    ^^^^^  ^^^  ^^e  diethyl  esttr  tit 

the  oxidation  of  naphthalene  to  phthalic  acid,  ij.go  ^^f  Perkin,  Chem.  Soc.  Trans.  1896,  69, 


nitric  acid  on  tetrachlOT-ketohydrind^^^^  (bivids"!^  Tpn^ChJml^riLl  64,  74),  and  Tlso  an 

and  Fnee,  Annalen,  1904,  334,  342).     Its  acid  '77^  p'xr  /AoN  \        l    '      '      " 

methyl  esUr  melts  at  79«-81«,  and  its  neutral  '  v-«n4iv.ui^,;,. 

methyl  esUr  at   66*»-68«   (c/.   Frdl.    1894-1897, 

162-163  ;    D.  R.  PP.  79693,  86914  (Tchemiac)).  Hydro-bophthalic  Acids. 

Phthalonic  acid  takes  part  in  numerous  re-  ^hese  acids  are  chiefly  due  to  the  work  of 

actions,  prmcipally  those  mvolvmg   the    keto  p^^^  ^^  p^^^^  ^^/^    ^    Trans.  1906, 

group:     eg.    it    condenses    with    o-phpnylene  87,  293)  and  Perkin  aiid  Goodwin  (ifeici.  843). 

aiamm   (Gazz.   ohim.   itsl.    1904,   34,   1.   493),  ^he  dihydro^isophthalic  acids  are  not  well 

giving  the  compound —  ,                 _f        1  a      . ,              **rv-    , 

**       '^                *^  known.     The  A^»*-acid,   m.p.  270',  has   been 

^  obtained    from    1 : 3-dibromo-trans*hexahydro- 

'^X/ \__0  H  -COOH  t*ophthalic    acid    by   the   agency   of   potash ; 

L     11     Jv  and  the  A^^-dihydro-acid,  m.p.  266^   is   also 

^^   >^  ^OH  described  as  obtained  in  a  similar  manner  from 

the  3 : 4-dibromohexahydro  acid,  but  the  con- 

A  warm  sodium  bisulphite  solution  of  sodium  stitution  of  these  two  acids  is  still  regarded 

phthalonate  gives  on  evaporation  and  subse-  as  unsettled. 

quenttreatment  with  hydrochloric  acid,  a^(ieAvc2o-  All  the  four  possible  ielrahydro  acids  have 

phthalic  acid  (Wegscheider  and  Bondi,  Monatsh.  been   isolated.      t>o -Phthalic    acid    on    reduc- 

26,  1039)  tion  with  sodium  amalgam  yields  two  acids, 

r  w  ^^00 -COOH  «^   p  TT  /CHO        ,  rn  ^*  and    the  cis-form   of    a*.     A^Tetrahydro- 

^•"*<COOH         ^   ^•^*<COOH   "^^"'  COOH 

The  following  is  the  best  method  of  pre-  ...        I 

paring  phthalonic  acid  ;    10  grams  naphthalene  isophthalic  acid  /\                  melts  at  168*,  is 

is  dissolved  in  1  litre  of  water  and  90  grams  pure  f      II (X)OH 

KMn04,  or  its  equivalent  of  the  commercial  \/ 

permanganate,  is  added,  and  the  whole  boiled  very  soluble  in  water,  and  its    anhydride  melts 

until  the  solution  is  completely  decolourised,  at  78®.     By  the  agency  of  caustic  potash  or 

The   removal   of     the   excess   of    naphthalene  hytlrochloric  acid  it  yields  the  sparingly  soluble 

(2*5  grams)  is  effected   by  steam  distillation,  COOH 


the  oxide  of  mansancse  is  filtered  off,  and  the 
filtrate  evaporated  and  then  acidified  and  the 


I 


product   ertracted   or  aUowed    to   orystaUise.    t^^-MrahydroioophOudic      acid 

The  yield  is  9  grams  of  phthalonic  acid  and  1  L    J — COOH, 

gram  of  phthalic  acid.  ^^ 

m.p.  244®,  which  gives,  with  acetic  anhydride, 

MoPhtluUle  aeid  (meta-phthalic  acid)  the  anhydride  of  A*-acid,  m.p.  78®. 

COOH  CiS'A*-tetrahydroisophthalic  acid 

COOH 


I      j— COOH  /\ 

\/  •       ]— COOH 

is  prepared  by  the  oxidation  of  m- xylene  with  ^/ 

permanganate  (Nolting,  Ber.  1885,  18,  2687)  is  isolated  from  the  original  reduction  product, 
or  with  chromic  acid  (Fitting  and  Velguth,  as  stated  above.  It  melts  at  165®,  is  very 
Annalen,  1868,  148,  11;  1870,  163,  268);  or  soluble  in  water,  and  is  easily  converted  into 
by  converting  m-xylene  into  the  di bromide  by  the  trans-acid  with  concentrated  hydrochloric 
bromination  at  125®,  treating  this  with  hot  acid.  This  trans-form  is  sparingly  soluble,  and 
alcoholic   potash,   and   oxidising   the  resulting  I  melts  at  227®. 

ether  with  chromic  acid  mixture  (Kipping,  Ber.  '  Cis-  and  trans- hexahydroisophthalic  adds, 
1888,  21,  46).  It  is  also  obtained  by  fusing  m.p.  163®  and  148®  respectively,  were  obtained 
potassium  formate  with  potassium  benzoate  I  synthetically  bv  Perkin  and  Prentice  (Chem. 
(Rieht«»r,  Ber.  1873.  6.  876).  or  with  iwtassium  Soc.  Tran8.'^1891,  59,  808;  f/.,  however,  Perkin 
m  brumbenzoate  (Ador  and  Meyer,  Annalen,  and  Goodwin,  Chem.  Soc.  Trans.  1905,  87.  843), 
1871,  159,  16),  or  with  benzene  disulphonic  acid  !  who  condensed  trimethylene  bromide  wth 
(Barth  and  Senhofer,  Annalen,  1871,  159,  228) ;  t  sodio-methylene-malonic  e^tAt — 
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with   flodium    amalgam    in    alkaline    solution. 
The  methyl  eaUr  melto  at  130^ 

CX)OH 


A^'^'-dihydroUrephthalic    acid 


18 


OOH 


prepared    indirectly    from    the    dibromide    of 

A^-tetrahydroterephthalic  acid  by  the  action  of 
methvl  alooholio  potash.  Its  methyl  eHer  melts 
at  86  .  In  accordance  with  Thiele's  view  of  the 
reduction  of  conjugated  double  linkings,  it 
reduces  to  A^-tetrahydroterephtbalic  acid. 

CX)OH 


^X'Tetrahydrotefephihalic      acid 


OOH 


is  prepared  by  boiling  1  part  of  terophthalic 
acid  in  caustic  soda  for  40  hours,  and  gradually 
adding  100  parts  of  sodium  amalgam  (4  p.c.)« 
It  melts  above  300^ ;  the  methyl  etier  melUi  at 
39<*  (Baeyer,  Ber.  1880,  19,  1805;  Annalen, 
1888,  246,  160;   1890,  258,  32). 

Trans- A^-tetrahydroterepfUhalic  add 

HCOOH 

\1 


COOH 

melts  about  220^  and  is  obtained  from  the  A^'^- 

dihydro  acid  or  from  the  dibromo-A^'^-acid  by 
reduction.    The  methyl  ester  melts  at  3^ 

Cis-A^  tetrahydroUrepJUhalic  acid  is  formed 

together  with  the  trans-form  by  reducing  the  a^*^- 
dihydro-acid  ^ith  sodium  amalgam  in  the  cold« 

TranS'hexahydroterephthcdic  acid 
H.     /COOH 

/\ 


HOOO '^H 

is  formed  on  heating  the  tetrahydro  acids  \(ith 
aqueous  hydriodic  acid  at  240  .  It  melts  at 
300*;  its  methyl  ester  melts  at  71*  (Baeyer, 
Ber.  1886,  19,  1806 ;  Annalen,  1888,  245,  170 ; 
1889,  251,  257).  Its  synthesis  has  been  accom- 
plished by  Mackenzie  and  Perkin  (Chem.  Soc. 
Trans.  1892,  61,  174). 

The. CM-  form,  m.p.  162*.  is  obtained  by 
reducing  the  very  soluble  bromo-hexahydro- 
terephthalic  acid  with  zinc  dust  and  acetic 
acid.     Its  methyl  ester  does  not  crystallise. 

2 :  S-dtehloroterephthallc  acid  has  been  pre- 
pared by  Bocchi  (Qazz.  chim.  ital.  26,  ii.  406) 
from  the  dichlorocymene  by  oxidation  with 
nitric  acid. 

Terephthalte  aldehyde  is  prepared  exactly  AS 
described  in  the  case  of  phtnalic  aldehyde  (An- 
nalen.  1906,  347,  110).     It  exists  as  long  needles, 

OLp.  116*. 


PHTHAUC     ANHYDRIDE     v.    Phtuauo 

AGID. 

PHTHAUDE  V.  Lactones. 

PHYCITE.    Identical  with  erythrol  (q,v.), 

PHYSOSTIGMIKE  v.  Ordeal  beak  ;    also 
Vbobto  alkaloids. 

PHYTIN,  inositol  phosphoric  acid 
C,H,(P04H,)„ 
occurs  in  many  plant  seeds,  usually  as  the 
calcium-magnesium  salt.  In  bran,  in  the  seeds 
of  red-fijt,  peas,  beans,  pumpkin,  red  and  yellow 
lupin,  and  in  the  potato  and  other  tubers  and 
bulbs,  the  greater  part  of  the  phosphorus  exists 
in  this  form  (Patten  and  Hart,  Amer.  Chem.  J. 
1904,  31,  664). 

It  occurs  to  the  extent  of  2  p.c.  in  wheat 
bran  and  8  p.c  in  rice-bran  (Suzuki  and  others. 
Bull.  Coll.  Agric.  Tokyo.  1907,  7,  495),  and  is 
prepared  from  the  latter  by  extraction  with 
0*2  p.c.  hydrochloric  acid.  It  is  purified  by 
precipitating  with  magnesia,  washing  the  pre* 
paration,  dissolving  in  acid  and  decolourising 
with  charcoal,  and  again  precipitating  with 
magnesia  (Contardi,  Atti.  K.  Acoad.  Xinoei. 
1909,  [V.J  18,  i.  64).  It  is  soluble  in  water  and 
dilute  alcohol ;  insoluble  in  benzene,  ether,  fto. ; 
it  does  not  crystallise  (Postemak,  Compt.  rend. 
1903,  137,  337  and  439).  In  pUnto  it  is  assooi- 
ated  with  an  enzyme,  phytase,  by  which  it  is 
hydrolysed  into  inositol  and  phosphoric  acid; 
this  hydrolysis  can  also  be  brought  about  by 
dilute  acids  or  by  20  p.c.  caustic  soda  at  220* 
(Winterstein,  Zeitsch.  physiol.  Chem.  1908,  68, 
118;  see  also  Neuberg,  Biochem.  Zeitsch.  1908, 
9,  557 ;  Levene,  ibid,  1909,  16,  399 ;  Neuberg, 
ibid,  1909,  16,  406). 

The  solution  of  the  pure  acid  is  stable  and, 
when  administered  to  animals  by  the  mouth, 
has  no  ill  e£fect8  (Mendel  and  Underbill,  Amer. 
J.  Physiol.  1906,  17,  75) ;  36  p.c.  is  absorbed  by 
the  organism,  the  remainder  beins  eliminated  as 
inorganic  phosphates  (Homer,  Bioqhem.  Zeit. 
2,  428). 

PHYTOSTEROL  (phytosterin) 

C,«H440,H,0,  or  C^H^eO 
is  vegetable  cholesterin  (Hesse,  Annalen,  1872, 
192,  176).  It  is  contained  in  calabar  beans, 
in  the  bark  of  Hamamelis  virffiniana  (Linn.) 
(Griittner,  Arch.  Pharm.  1898,  236,  278) ;  in 
the  bark  of  Berberis  ;  in  Ergot,  in  the  leaves  of 
Eriodictyon  craasifolium  (Benth.)  (Power  and 
Tutin,  Pharm.  Rev.  1906  24,  300)  ;  in  prunas 
bark  (Finnemore,  Pbarm.  J.  1910,  [iv.1  31,  604); 
in  the  dried  Thizome  and  roots  of  tlie  yellow 
jasmine  (Moore,  Chem.  Soc.  Trans.  1910,  2226), 
and  of  the  Cimcifuga  racemosa  (Nutt.)  (Finne- 
more, Pharm.  J.  1910,  [iv.]  31,  142) ;  in  the 
lichen,  Endocarpon  miniatum  (L.)  Ach.  (Hesse,  J. 
pr.  Chem.  1898,  [ii.]  58,  465) ;  in  whe^t  germs, 
in  the  wild  cherry  bark,  in  rape  oil,  in  cocoanut, 
cottonseed,  and  in  nearly  all  vegetable  oils,  and 
in  various  lamp  oils  (Marcusson,  J.  Soc.  Chem. 
Ind.  1901,  484).  It  has  also  been  found,  pro- 
bably in  the  form  of  esters,  in  certain  peaty  soils 
(Schreiner  and  Shorez,  Chem.  News,  1912,  105, 
40).  See  also  Kerstein  (Chem.  Zentr.  1899,  ii. 
91);  Miigge  (Zeitschr.  Nahr.  Oenuss.  1898,  1, 
45);  Schmidt  and  Kerstein  (Arch.  Pharm.  [iii.] 
28,  49);  Matthes  and  Rohdich  (Ber.  1908,  41, 
19,  1591);  Matthes  and  Ackermann.  (ib\d, 
2000) ;  Coheu  ^AicYu  Y\iBxm.  Wife,  *iA&>  W 
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Berwick  iirt  'xctrlicr:**!  *o   :ir  krjc-B^je-ir* 

B«.   13M>.  33.  *7i>.  »»:     IS»XJ.  3^-.' 4357 : 
5y>l,   37,    IS43.   4'J^,    ftc-i   ftacr.'^ezi    :.;    1*9- 

c*  xo^  ^  t::^  ^  OH  3fH-oiL 

^iu-.-^ftg^  r-Cit  r-tro  zn'^  »*  *g:s>-.''  a.  ftn-i  fcc-tli 
pri*tu;  ftCjri  ftf..i  *  lj^k:*  cat  b*   i«*««i  in 

*fA    k»«.«iTO'-ftti,    Btr.     lS»>i.    35,     1133. 

wA  zi^  pryiii':  r*Airjs  -s-iih  pif^tTLLj'irftziiie 
'F*t:v>«:  *r,*i  Jvt**,  Clftci.  isoc.  Tr»E-s.  iSiX».  77, 
7ft^  Oxyifcty-yt  "srit  ctiosz-ic  *ci-i  cacieA  no 
Wr^fnUurx.  oi  z.^iT'jpfL.  •'»«:!aneT  de  Cocitck  ftnd 
Come*.  0>E.pr.,  rec.<i.  ls&&.  13^,  23*, 

iy>l.--s:3  <sftrto&At«  A«-n:d  to  pcn^ses  a  <p^ci5c 
prop^T  of  pRcipiifttinjz  trxii-Ei  picnie  frcm 
^A^mVifX:^  A  iitzM  drcp  of  ft  ccid  eftmraied 
ifjhxwfx^  oi  ft  picTftte  %ditn  to  10  c.c.  cf  ft  1  p.c. 
lohitioc  of  :h^  carVfOAt^  produc<4  ft  slight 
tDriw'i.tT,  ftr-d  "sith  incT«*sinz  conoentntlon 
of  tbft  carfx^nAt^  M>lation^  or  Iftrrer  qoftntities 
of  Um  pietAte*  the  pbeconaenon  t:«c«L>m«s  atiil 
more  vjTiApfCWAiA  'Reichftrd,  Zeit^ch.  ftnaL 
dwrm.  ISM,  43,  24&r.  The  pota&=iam  saJc  b 
r«r>-  ^p^rir^j  iolnbie,  and  for  this  re*eoc 
KTTt*  ftA  ft  qiiaiitfttire  test  for  potAseium. 

A  hydmiiu  picraU  C,H  jXO./jH.XjH^  L« 
dt^chY^  by  Siiurrad  and  Phjllipe  '.Chem.  N:<. 
Trai:;*.  IWri,  93,  474  .  Picric  acid  stains  Eiy 
krtr  r*;mor«d  by  a  soiation  of  alkaline  sxilph:de 
or  polyinlphide.  foUoTed  by  a  thorcu^h  wa^oiinj: 
with  so«p  A&d  water  'Boagault,  J.  Fharm.  Chim. 
19(13,  18,  15S  . 

iMJUfiion  and  fstimatioH.  Pichc  acid  is  not 
ToUtile  in  "t^-^Ri.  and  can  readiiv  be  deifCttd 
by  its  tetter  fa^te  And  the  sparing  aolability  of 


Bj'srifxa  .^CeriiciE.  ataL  'J&«s 
r.be»  a  Tt^iri  «i  :c  ^xancr 

ftwccieacu*.     r^  =irtci:ii  ^cjascf 

—  ^g— J-  wr^.  3  Trii^,*!j  .;c  "jo  r*:-  aiecbei  and 
iii-b*::£z^  ::c  t\  itTrs  a:  oty*-*^.  Afser  nhia- 
tiKc  ftt'i  T7-ft>:rft:xc  :c  '^  ajx'fic*.  anv  fat  » 
r^rn:  -Pfii  ly  *>-*>^-~  r  -nih  li^at  pem.^Aevi.  and 

fcii'i  Atfi  ix^acctrd  rvr«:-a:eiiy  vi:h  ether.  In 
c:ade;i  :c'  rv:r>:  ac^i  ic  -^jc:::^  tbf  czine  u  alvaT^ 
•«»;u:cr*d  r«d-ir;  wz. ":  y  rrHecace  ^c  pbczABue  acid ; 
lb*  r'.-:r.-:  sc:>i  =Lay  re  exizac^ed  vrsh  ether  alter 
gyr^j  acsiiry^Tf.  and    tb±  abcve  tcsUv  pre- 

An  acjEC^i*  f^.-l-isic  ::  ncisc  add  zives  with 
iae^yi*c.-»  ri^e.  m  "b*  -xji.  %  Tjclet  ilocciilait 
pTECiftiare.  ««:l*^':-j±  Ji  t:bfr.  cnkrofcnn.  c-r  hot 
wac<7.  Tirese  Ma;':s?e  KhztxCj^  '"*T  ^™ 
bbe  :<:  zr::trn-  T*"brn  tb*  stl-itioc:  in  ehkcofonn 
is  eT^*iKr»:<^i-  1  vL.iiet  p?*aTae  b  cbtaiiMd 
.Sw*  ':•>:*.  Cbr=-  Zec:r.  l!?5ffx  ii-  717:  Zritflrh. 
an^l  i.h-e^-  l!»&7.  3^  oIS-  Lacq^aeR  tested 
in  :hif  -snv  :-,r  y-vrsi  A»;>i  rbmld  cret  be  dif- 
sclv^eii  :n  a  l:r:rf  ■Io.b:L  I:  a  claicsed  that  the 
t:*-:rftEn:c  ^c:i  ie>:  II.  ani  IIL  s*  «eik£itive  to 
1  r«irt  ptr  n-.in«irwi  i£>::isani  '1  the  re^inetioo  t* 
eSrctei  T.ih  5*:»i:*2i  h>"TCi*3':piL;te  in  pteaence 
of  ammc-nia  A>:  v  m  i  FW  M;ilt.  BalL  Soc  chim. 
ISC^S.  "ii;.'  33.  4i*5  - 

Picr'v  acid  diftr^  fn.n:  ;he  nitrocmots  in 
the  o:*: -nti'in*  :r'  ::<  nr^iucracc  pcoducts  with 
stann-.ui  chJvrlde  Anvi  Lv.inxhLoric  acid. 

Ru^^fau  de<kr."cr:-<  :hv  apphcAtien  of  the  iao- 
parxir.o  ac:i  Xc^:  I.  for  the  cokmrnetiic 
e4t:n:A::':n  •::'  p-:cTiv:  ac:-:  in  beer:  it  i*  claimed 
tha:  t.K'I  jnn:  ■::  i:d  jvr  litre  mAv  thus  be 
rec^.'zni«:d~  ''h-rn:.  Z-ec.:r.  1SS^7.  ii.  S13>.  A 
reasTtn:  :s  ^-^z'-^trii  eun^isting  of  5  grmma 
ferr:-^  >u'.rhA:c  o  j:t»=i5  tartaric  acid,  and 
3l.X»  c...  .. :  A  trir.r  ^vlut:v;n:  1.^5  grara  ol  the 
saniil-i  V :  t>':r  :<  allv  we.i  :o  !jOii  on  to  1-2  cc. 
of  thr  aVc'Tv  r^^a^tnt.  and  f  dro{»  of  ammonia 
arv  a.i  ir'i.  ar.d  :hn'  mixture  gently  shaken.  .\ 
Kri'i>h  o.  l-urav-vn  apivar^,  sensitive  to  <HN>5 
ZCXt:i  l-:tcr:o  s.  ,•:  r»r  Ltn.^ 

Sc"^^-irr  M  r.Ji:ah.  l>!i^.  14.  139)  has  lued 
a  \vl'jr.>.*.r-.  nit: bed  :or  the  detcnniiiataon 
of  nitr.-  iienvji::vt*  jrvr.-.raily.  depending  upon 
the  I:c.-f»::>n:  o:  ;^.Hiir.f  l>  heating  in  a  ckwed 
Tes<5*l  a:  !».<*•  with  \v.  :--;au  and  iodide.  Thi» 
has  bet>n  impn-it^i  by  Ft>irr  ;Cbem.  Soe,  Ahatr. 


276  PIGMENTS. 

without  action  npon  other  pigments,  with  the  of  division,  was  at  one  period  much  used  as  a 
exception  of  the  takes,  and  is  only  very  slowly  pigment.  Artificial  ultramarine  has,  to  a  great 
attacked  by  sulphuretted  hydrogen.  Aureolin  extent,  replaced  it.  Smalt  is  defident  in 
is  permanent  in  water-colour,  as  well  as  in  oils,  chromatic  and  covering  power,  hot  it  is  perfectly 
CobaU  pink,  magnesia-^obaU  pink,  is  produceil  durable  and  without  injurious  e£feot  upon  any 
when  a  thin  paste  of  finely  divided  magnesium    other  pigments. 

carbonate  together  with  an  aqueous  solution  -  CcnrtUeum,  Cerulean  &Ztie,  CceUnblau^  Bleu 
of  cobalt  nitrate  is  dried,  and  subsequently  c^esie,  cobalt  stannate,  is  a  greenish  -  blue, 
ignited  in  a  covered  vessel  at  a  high  temperature.  ;  permanent,  semi-opaque  colour,  made  by 
Sxongly  ignited  cobaltous  arsenate  and  phos-  j  igniting  stannic  oxide,  previously  moistened 
phate  are  also  of  a  pink  or  foxglove-red  colour,  ^^ith  a  solution  of  cobiedtous  nitrate.  It 
inclining  to  violet.  These  pigments  are  some-  possesses  the  advantage  of  appearing  less  violet 
times  known  as  *  cobaU  red    or  *  cobalt  violet,*        by  artificial  light  than  the  other  comlt  blues. 

Binmann*s  green.  Cobalt  green,  sometimes  ,  Cobalt  broum  results  when  cobaltous  sul- 
termed  zinc  green,  cobalt  zincate,  CoOZnO,  *  phate,  ferrous  sulphate,  and  ammonium  sul- 
is  a  delicately  shaded  and  artistically  satis-  -  phate,  or  ammonia  alum,  are  very  strongly 
factory  pigment,  of  great  permanence,  and  j  heated  together.  Another  method  of  manu- 
innocuous  to  other  colours.  The  best  product  i  faoture  is  to  mix  ferric  oxide  with  aluminium 
is  obtained  by  drying  and  calcining  zinc  oxide,  \  hydroxide  and  a  cobaltous  salt,  the  mixture 
previously  made  into  a  paste  with  an  aqueous  J  being  then  ignited. 

solution  of  cobalt  nitrate,  sulphate  or  chloride.  >  Pigments  containing  manginese.  Manganese 
Another  cobalt  green  is  prepared  by  mixing  :  green,  Cassel  green,  barium  manganate,  is  made 
zinc  and  cobalt  solutions  with  sodium  phos-  by  cautiously  heating  a  mixture  of  manganese 
phate,  and  igniting  the  washed  and  dried  ,  nitrate  or  oxide  with  barium  nitrate.  Or, 
precipitate.  The  product  so  obtained  has  a  '  manganese  dioxide  and  carbonate  may  be  heated 
oluer  tint  than  the  true  Rinmann's  green.  with    barium    peroxide.    Another    manganese 

Turquoise  green,  chrome-alumina  cobalt  green  (Bottger's)  is  made  as  foUows.  A  solu- 
oxide,  is  a  bluish-green  pigment  mostly  used  in  :  tion  of  manganese  chlorate  is  precipitated  by 
ceramic  painting,  but  occasionally  also  in  oils,  barium  nitrate.  The  violet  compound  produced 
It  is  made  by  heating  to  redness  aluminium  and  ;  is  washed,  dried,  mixed  with  barium  hydroxide 
chromium  hydroxides  together  with  cobaltous  and  carefully  heated.  A  green  mass  results, 
carbonate.  .  which  requires  washing  with  water  and  further 

Cobalt   blue,    TJUnard*s   blue,    Leyden   blue,    treatment. 
King^s  blue,   cobalt  ultramarine,   Cannes  ultra-  Manganese    blue,     A     mixture    of    kaolin* 

marine,  azure  blue,  &c.  Several  methods  are  manganese  oxide  and  barium  nitrate,  or  of 
used  in  the  production  of  cobalt  blue.  The  silica,  manganese  oxide  and  barium  nitrate, 
variety  of  this  pigment  known  as  WenzeFs  blue  j  ignited  at  a  red  heat,  is  stated  to  ^ield  a  blue 
can  be  prepared  by  adding  ammonia  to  a  solu-  product,  available  for  use  as  a  pigment.  Soda 
tion  of  cobalt  chloride,  mixing  the  precipitated  ash,  silica,  calcium  carbonate,  and  manganese 
and  washed  hydroxide  with  alumina,  drying,  oxide,  mixed  together  and  calcined,  yield  a 
and  ignitins ;  or  bv  moistening  recently  precipi-    similar  product. 

tated  alummium  hydroxide  with  a  solution  of  I  Manganese  violet,  mineral  violet,  permanent 
cobalt  nitrate,  drying  the  mixture,  and  strongly  |  violet ,  impure  manganese  metaphosphate,  is 
igniting  it.  Another  cobalt  blue  is  made  by  i  prepared  by  evaporating  to  dryness  a  mixture 
mixine  freshly  precipitated  and  washed  cobalt  of  solutions  of  phosphoric  acid  and  manganous 
phosphate  with  newly  precipitated  and  washed  |  chloride,  fusing  the  residue,  boiling  with  am- 
aluminium  hydroxiJe.  The  mass  is  dried,  {  monium  carbonate  solution,  allowing  the  turbid 
ignited,  and  ground.  Cobalt  arsenate  may  liquid  to  stand,  filtering,  evaporating  the  fil- 
be  *  substituted  for  the  phosphate.  Also  a  ;  trate  to  dr}'ness,  fusing  the  residue,  pulverising 
mixture  of  alum  and  cobalt  nitrate  solutions  it  and  boiling  vrith  water.  The  pigment 
may  be  precipitated  by  sodium  carbonate,  the  separates  as  a  fine  violet  precipitate,  which 
precipitate  being  washed,  dried,  and  ignited,  must  be  collected  on  a  filter,  \rashed,  and  dried, 
as  usuaL     It  wiU  be  seen  that  cobalt  blue  may  Baw  umber,    Turkey  umber,   Levant  umber, 

be  a  cobalt  aluminate  or  a  compound  of  the  Terra  ombra^  is  a  greenish-  to  yellowish-bro\ni, 
phosphate  or  arsenate  of  cobalt  with  alumina,  silicious  and  ferruginous  earth,  containing  a 
These  cobalt  pigments  are  permanent,  i  considerable  proiK>rtion  of  one  or  other  of  the 
except  in  the  presence  of  ammonium  sulphide.  I  higher  oxides  of  manganese,  MnjOi  and  MnOf 
They  are  available  in  all  media,  including  Most  of  the  best  six'cimens  are  of  Cypriote 
fresco,  and  are  without  action  upon  other  pig-  origin,  but  many  countries  jield  a  supply  of 
ments.  The  tint  of  the  blue  is  slightly  greenish,  this  natural  pigment,  which  merely  has  to  be 
and  in  artificial  light  a  shade  of  violet  is  per-  ;  ground,  levigated,  and  dried  at  100**.  Raw 
ceptible.  Cobalt  blue  is  especially  valuable  in  umber  is  a  permanent  and  justly-valued  pig- 
water-colour,  for  which  it  is  somewhat  more  ment.  It  has  no  injurious  effect  upon  other 
suitable  than  for  painting  in  oils.  stable  colouring  matters. 

Leitch*s  blu£,  or  cyanine  blue,  is  a  *  mixed  *  Burnt  umhtr.  Velvet  brown.  Chestnut  broum^ 

Eigment,  composed  of  cobalt  blue  and  Prussian  &c.,  result  from  the  calcination  of  raw  umber; 
lue.  It  is  moderately  durable,  but  presents  no  they  are  equally  j)ernianent,  and  can  be  used  in 
very  striking  advantages.  As  Prussian  blue  is  conjunction  with  all  other  durable  pigments, 
a  constituent,  this  pigment  cannot  be  used  in  The  colour  of  burnt  umber  is  \\'armer  and  richer 
fresco  work.  than  that  of  the  raw  ]»ro(luct. 

Smalts  Saxon  blue^  cobalt-potassium  silicate,  Cappngh  brorvv,  mi  in  rut  hrou^,  euchrome,  is 

is  a  deeply  coloured  glass  which,  in  a  fine  state    a  highly  inanganiferous  and  ferruginous  earth. 
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PIMENTO.  Pimento  or  Allspice  is  the 
dried,  full-grown  but  unripe  fruit  of  PimerUa 
officinalis  (Lindl.)* 

The  plant  is  indigenous  to  the  West  Indies 
and  is  largely  cultivated  in  Jamaica,  whence 
our  supplies  are  derived.  The  globular  berries, 
dark  purple  when  fresh,  brown  when  dry,  are 
from  5  to  8  mm.  in  diameter.  They  are  enclosed 
in  a  two-  but  sometimes  one-  or  three-celled 
fruit.  They  are  gathered  when  of  full  size  but 
still  not  quite  ripe,  and  dried  in  the  Pun. 

The  characteristic  flavour  is  due  to  an 
aromatic,  pungent,  volatile  oil,  resembling  in 
smell  that  of  cloves;  other  important  con- 
stituents being  a  fixed  oil,  tannin,  resin,  and 
much  starch.  Fidl  analyses  by  Richardson 
(U.  8.  Dept.  of  Agric,  Div.  of  Chem.  Bull.  13, 
22J )  yielded  the  following  results : — 


Whole 


Ground 


10-97     12-74      8-27 


»» 


»t 


Max.  Min. 

Water     ....     6-19  8-82  5-51 

Ash         ...         .     4-01  6-53  3-45 

VoUtileoil       .         .         .5-15  3-32  207 

Fixed  oil          .         .         .     6-15  6-92  3-77 

Fibre      ....    14-83  18-98  13-45 

Proteid  ....     4-38  5-42  403 

Nitrogen          .                   .     0-70  0-87  0-64 
Quercitannic  acid  (<  tannin 
equivalent ') 

Uses.  Pimento  flnds  its  chief  iLse  a»  a  condi- 
ment, but  it  is  officinal  in  the  British  Pharma- 
copceia  together  with  an  aqun  and  the  essential 
oiK  Its  therapeutic  action  is  that  of  an  aromatic 
stimulant  and  carminative. 

AduUeratinn,  Comparatively  little  is  sold 
in  the  ground  state  in  this  country,  so  that 
pim^ito  is  rarely  if  ever  adulterated  here. 
Very  few  samples,  however,  are  examined 
under  the  Sale  of  Food  and  Drugs  Acts.     The 

usual    spice   adulterants    may    be    looked    for,  _____ 

namely,  added   starches,  ground  olive  stones,  |  X  Soc.  Chem'lnd.  1900,  657). 

and  the  shells  of  coconut  and  almond,  &c.  |        PINCHBECK.     An  alloy  of  zinc  and  copper 

Analysis.  Microscopical  exammation  wjll  brought  into  notice  by  Christopher  Pinchbeck 
suffice  to  detect  all  the  likely  adulterants  of  in  the  latter  part  of  la«t  centur>'.  It  was  for- 
vegetable  ongin.  The  most  characteristic  struc-  merly  much  employed  in  the  making  of  watch- 
tures  to  be  observed  are  mmute  starch  grains,    cases,  and  other  smaU  ornamental  articles  in 


50  c.c.  of  sulphuric  acid  (cone.)  and  making  up 
to    1    litre).    Then   titrate    ^^ith   the   perman- 

f^anate  solution  (1-333  grms.  per  litre)  until  the 
iquid  becomes  of  a  bright  yellow  colour.  Note 
the  number  of  c.c.  used.  Ascertain  the  equivalent 
of  the  permanganate  in  terms  of  N/10  oxalic 
acid  and  calculate  the  number  of  c.c.  of  the 
former  used  in  oxidising  the  pimento  solution. 
Convert  this  into  its  equivalent  number  of  o.c. 
of  oxalic  acid.  Each  c.c.  of  the  oxalio  acid 
=0-0623  grm.  of  quercitannic  acid. 

The  following  table  Mill  a£ford  some  idea  of 
the  figures  yielded  by  genuine  samples,  but 
comparatively  few  analyses  of  authentic  speci- 
mens are  on  record. 

Analyses  by  Winton,  Ogden  and  Mitchell, 
Ann.  Riep.  Connect.  Agricult.  Station,  1898, 
p.  204. 

Max.     Mln.  Average 
Moisture  .         .         .    10-14      9-45      978 

Ash  .  .4-76      4-16      4-47 

soluble  in  water         .      2-69      2-29      2-47 
insol.  HCl  .         .     0-06      0-00      0-03 

Ether  extract,  volatile       .      5-21      3-38      4*06 
fixed  .     7-72      4-35      6-84 

Alcohol  extract  .  .  14-27  7-39  11-70 
SUrch  (diastase  method)  .  3-76  1-82  3-04 
Fibro      ....   23-98    20-46    22-39 

N 102      0-83      0-92 

QuerciUnnic  acid     .         .    12-48      8-06      9-71 

Standards.  The  United  States  standard  for 
Allspice  provides  that  the  quercitannic  acid 
shall  not  oe  less  than  8  p.c..  the  ash  not  moro 
than  6  p.c,  the  ash  insoluble  in  HCl  not  moro 
than  0-5  p.c.  and  the  fibro  (which  should  be 
determined  as  in  pepper)  (q.v.)  not  moro  than 
25  p.c.  C.  H.  C. 

PIMEHTO  OIL  V.  Oils,  Essential. 

PINACHROMY  and  PINATTPE.  Processes 
of  colour  photography  devised  by  E.  Koenig  (r. 


usually  about  Sfi  in  diameter  and  not  exceed- 
ing 12/u,  with  a  distinct  hilum,  often  joined  in 


imitation  of  gold.     Its  composition  is  variable, 
but  usually  consists  of  f>  parts  of  copper  to  1 


pairsor  triplets,  or  larger  aggregates  :  numerous  I  part  zinc 

colourless  stone  cells,  some  very  large ;    and  PINE^APPLE.     The  fruit  of  Ananas  saiivus 

pigment  cells  conUinmg  irregular  port  \nne  or  .  (Schult.)    [Bromdia   ananas^   a   tropical  plant, 
amber-coloured  ma8ses  of  rosin  or  gum.  grown  largely  in  the  West  Indies,  Singapore, 

The   most   useful   determinations   are   ash,    Florida,  the  Bahamas,  Nat^U,  and  other  hot  coun- 
tannm.  and  fixed  ether  extract.   Unless  adultera-    tries.  According  to  Munson  and  Tolman  (J.  Amer. 


special  characters  are  given  under  Pepper  (qr.r.). 

The  direct  determination  of  tannin  is  neither 
easy  nor  satisfactoi y,  but  very  fair  results  may 
be  obtaineil  by  calculating  the  'quercitannic 
acid  from  the  proportion  of  oxygen  absorbe<l 
from  potassium  prrniani;anatr. 

The  process,  due  to  Richardson  (U.  S.  IX'pt. 
of  Agric,  I)iv.  of  ('hem.  1.3,  1(>7),  is  as  follows  : 
Boil  2  grms.  of  the  samph'.  after  thoroughly  (Bull.  So< 
extracting  with  ethor.  with  3(M>  c.c.  of  water  contain  1 
for  2  hours,  c<k)1.  niakf  uf»  to  r»(K>  c.c.  with  water 
and  filter.  Mix  25  c.c.  of  the  filtrate  wMXx 
750  c.c.  of  water,  add  25  c.c.  of  indij^r)  solution 
(made  by  dissolvinir  0  ijrnis.  of  potassium  sul- 


2  from  the  Bahamas,  and  1  from  Jamaica,  is 


Pro-    Free  arid  Keducin?  Cane 
Water  ten    (asHjSO^)     ^ugar     ftusar 

85-83   0-42      0-60         3-91      7-59 


Insoluble 
A«h    matter 

0-40     1-52 


In  different  specimens,  the  reducing  sugars 
varied  from  1-70  to  9*75  p.c.  ;  the  cane  sugar 
from  3-<)  to  10-5  p.c.  According  to  Lindet 
chim.  1884,  40,  05),  pine  -  apples 
p.c.  or  more  of  mannitol.  Pine- 
Jipple  juice  is  sai<l  to  contain  an  enzyme,  brontclin, 
which  resembles  |M>psiii  and  can  dii;esta  thcmsantl 
times  its  weiirht  of  proteids  in  a  few  hours.  It 
can  be  precipitated  from  the  juice  bythe  ad<li" 


phindigotate    in    hot    water,    cooling,    adding  i  tion  of  common  sail,  and  ^tvxv  vi^x^\.<ii  vft.  ^\\, 
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£|gyptian  asphalt  oontains : 

Oarbon 
Hydrogen 
Oxygen 
Nitrogen 


p.c. 
86-29 
8-24 
6-22 
0-26 


The  'bitumen  of  Judea,  found  floating  on 
the  Dead  Sea,  oontains  : 

p.o. 
.      77-84 
8*93 


Carbon 
Hydrogen 


Oxygen 
Nitrogen 


11-54 
1-70 


Sulphur  is  invariably  present  in  natural 
bitumens,  var3ring  in  quantity  from  3  to  4*2  p.o. 
and  even  10  p.c. ;  from  such  samples,  hydrogen 
sulphide  is  always  given  off  on  heating.  Asphal- 
turns  and  bitumens  vary  considerably  in  charac- 
ter. Generally,  their  appearance  is  that  of 
smooth,  hard,  brittle,  black,  or  bro^mish-black 
resin,  breakhig  with  a  distinct  conchoidal 
fracture  :  the  sp.gr.  varies  from  1  to  1*7 ;  when 
free  from  mineral  matter  they  may  be  even 
lighter  than  water.  When  distilled  with  wat«r, 
asphaltum  yields  a  volatile  oil  called  by  Boussin- 
gault  'petrolene,'  probably  consisting  of  a 
mixture  of  paraffins.  The  residue  of  '  asphaltine,* 
which  remains  when  the  petrolene  is  completely 
.driven  o£F,  is  a  solid  black  substance  resem- 
bling the  ori^al  substance  prior  to  distilla- 
tion, but  which  does  not  soften  below  imder 
about  300^  and  decomposes  below  its  fusing 
point. 


Trinidad  pitch  yields,  when  heated — 

p.c. 
Volatile  organic  matter  .         .      76*76 
Non- volatile  organic  matter     .      17*77 
Ash       .....        5*48 


100*00 


Natural  bitumen  is  only  partially  soluble  in 
alcohol,  but  more  completely  so  in  carbon  di- 
sulphide,  carbon  tetrachloride,  petroleum  spirit, 
chloroform,  oil  of  turpentine,  coal-tar,  benzene 
and  naphthas  ;  the  pyridine  bases,  also  derived 
from  coal-tar,  scarcely  act  upon  it.  The 
portion,  however,  that  passes  into  solution 
communicates  a  strong  greenish  fluorescence  to 
the  liquid,  and  when  examined  si>eotrosoopicallv, 
in  the  manner  described  for  examining  crude 
anthracenes  for  certain  impurities  (Chem.  "Scwb, 
26,  199:  31,  35,  45),  two  distinct  absorption 
bands  are  visible  near  the  D  line  of  the  spectrum, 
from  yellow  to  green,  which  distinguishes  it 
from  all  other  pitches,  coal-tar  excepted,  which 
occasionally  snows  bands,  but  invariably 
situated  in  the  blue  portion  of  the  spectrum 
near  the  F  and  G  lines. 

In  petroleum  spirit,  74*23  p.c.  of  its  organic 
matter  is  soluble  and  20-29  p.c.  insoluble. 

At  a  temperature  varying  from  58®  to  60* 
bitumen  softens,  and  it  melts  at  about  100°, 
although  varieties  are  met  with  that  melt  only 
at  a  much  higher  temperature. 

The  following  table  of  results  obtained  by 
A.  £.  Jordan  and  eiven  in  Allen's  Organic 
Analyses  shows  the  difference  between  natural 
asphalts  and  artificial  products. 


A«»h. 

_ 

0*60 

5*48 

Organic  matter. 

Action  of  petroh 

sum  spirit. 

Percentaee  of 

organic  matter 

soluble. 

47*91 
78-53 

Material. 

Volatile. 

Non- 
volatile. 

1 
Soluble. 

Insoluble. 

t 
Asphalt  (origin  unknown) 
Trinidad  pitch 

80*79 
76-75 

50*43 
66*40 
4J).33 
66-15 

18*61 
17*77 

49-57 
33-36 
60.62 
43-62 

47-63 
74-23 

.36-16 

63-62 

'     18.66 

29-96 

61*77 
20*29 

:  Petroleum  pitch     . 

Shale  oil  pitch 
;  Coal-tar  pitch 

Bone  pitch  (inferior) 

none"    i 
0-26 
0-15 
0-33 

63*84 
36-13 
81.29 
69*71 

3616 
68-77 
18-58 
30O5 

Boussingault's  methods  are  not  now  used 
and  the  terms  petrolene  and  asphal tenc  used  by 
him  have  received  another  significance,  that 
portion  soluble  in  petroleum  spirit,  ether,  or 
acetone  being  kno^n  as  petrolene  and  the 
portion  insoluble  in  any  of  these  liquids  but 
dissolved  by  boiling  turpentine  or  cold  chloro- 
form being  known  as  asphaltene. 

Applications  of  (ytphaUum,  —  The  purer 
asphaltums  are  employe<l  almost  exclusively 
for  the  manufacture  of  black  varnishes  and 
japans,  for  which  purpose  they  are  eminently 
adapted,  yielding  surfaces  and  coatings  of  great 
briluancy  and  not  prone  to  *  break  up '  or  dis- 
integrate. Asphaltum  selected  for  the  purpose 
of  the  varnish  maker  should  be  practically  free 
from  mineral  matter  or  within  a  limit  of  5  p.c, 
it  should  be  completely  soluble  in  carbon  di- 


sulphide,  chloroform,  high  boiling  coal  -  tar 
naphtha,  and  oil  of  turpentine  (mineral  matter 
excepted).  It  should  break  with  a  conchoidal 
fracture  and  brilliant  lustre.  It  should  not 
flow  or  lose  shape,  like  wood  tar  and  many  of 
the  fatty  pitehes.  when  left  on  a  plane  surmce, 
and  an  angular  fragment  should  retain  its  shape 
and  the  sharpness  of  its  angles  in  boiling 
^^-ater. 

Asphalt  roek.  Asphaltum  is  often  met 
associated  with  sand  or  limestone  or  the  two 
variously  admixed  ;  in  this  condition  the  mineral 
is  known  as  *  asphalt  rock,'  and  occurn  in  the 
upper  Jurassic  formation  interst  rati  tied  >%ith 
ordinary  limestone. 

The  following  figures,  by  Durant  Claye, 
show  the  proximate  com]x)Mition  of  some  rock 
asphalts  employed  for  paving : — 


PITC-H. 


Watfer  and  other  matters  voUtiliseii 
atlOO*C 

BituminouB  matter 

Salphur  in  organic  combination  or 
free  state     ..... 

Iron  pyrites    ..... 

Alumina  and  oxide  of  iron 

Magnesia         ..... 

Lime      ...... 

Carbon  dioxide         .... 

Combined  silica        .... 

Sand      ... 


Valde 
Travers 

Switzerland. 

Lotoann 

France 

Maestn 

Spain 

1 

Kagosa 
Sidly 

0-35 

3-40 

0-40 

0-40     ' 

0-80 

8-7U 

11-00 

9-10 

8-80     '■ 

8-85 

0-08 

4-09 

.^__ 

trace 

^^ 

0-21 

444 

^^- 

m^ 

0-30 

1-25 

0-05 

4-35 

0-90 

010 

0-15 

0-05 

3-85    ' 

045 

40-50 

38-00 

50-50 

5-70    ' 

49-00 

40-16 

31-92 

39-80 

815    ! 

3940 

— 

— 

— 

11-35    • 

— 

0-60 

3-05 
100-00 

010 

5740 
100-00 

0-06 

100-00 

100-00 

100-00 

Native  calcareous  asphalt  exhibits  a  brown 
or  nearly  black  colour  and  breaks  without 
evidence  of  cleavage.  The  fracture  is  earthy 
and  granular,  not  unlike  chocolate,  both  in 
appearance  and  colour.  When  lone  exposed 
to  the  air  it  loses  this  character  and  then  re- 
sembles ordinary  limestone :  this  change, 
however,  only  extends  to  the  surface. 

The  specific  gravity  of  rock  asphalt  is  about 
2-23.  It  is  hard  and  may  be  broken  with  a 
hammer,  but  when  warmed  it  may  be  softened 
to  a  kind  of  paste  and  at  about  60^  falls  to  powder. 

Good  rock  asphalt  is  homogeneous  in  struc* 
ture  and  shows  no  indication  of  contained  lime- 
stone. It  is  frequently  veined,  and  contains 
large  crystals  of  calcite  impregnated  with 
bitumen ;  this  feature  is  considered  an  im- 
portant indication,  bad  specimens  or  low 
qualities  showing  an  absence  of  such  impregna- 
tion, which  renders  them  difficult  to  manipuuite. 
Val  de  Travers,  Seysscl,  and  other  asphalt 
rocks,  when  employed  for  paving,  are  melted 
with  definite  proportions  of  good  native  material, 
such  as  Trinidad  pitch.  The  product  of  this 
mixture  is  technically  knoi^n  as  *  mastic,'  and 
in  usinff  it  further  additions  of  bitumen,  shale 
oil,  andmt  are  frequently  made. 

The  tollowins  analysis  by  Durant  Clave  will 
convey  a  general  idea  of  these  compositions  : 


Befined  Imitation 

bitumen 

a:»phalt 

from  made  from 

BastenDCii 

coal-tar 

Moisture          ....       0-30 

0*60 

Bituminous   matters  soluble  in 

carbon  disulphide  *        .          .     69*35 

20*65 

Organic     matter    insoluble    in 

carbon  disulphide          .         .       4*40 

18-45 

Alumina  and  oxide  of  iron          .       2*85 

2-65 

Biagnesium  and  calcium  carbon- 

ates       2-65 

39-60 

Silica 20*35 

1805 

10001)     100-00 

For  determining  the  actual  bituminous 
matter  in  asphaltio  rocks,  natural  and  other- 
wise, the  air-dried  sample  is  exhausted  with 
suitable  solvents,  which  may  consist  of  carbon 
disulphide,  Russian  oil  of  turpentine  or  coal-tar 
benzeni;.     The  ojKTation  may  be  conducted  in 


a  Soxhlet's  tube,  and  if  a  correction  be  made  for 
the  moisture  expelled  at  100^  the  loss  of  weight 
furnishes  the  quantity  of  bitumen  removed. 
The  determination  may  be  further  checked  by 
distilling  off  the  solvent  and  weighing  tlie 
residue,  observing  the  usual  precaution  of 
drying  at  100*  until  constant,  llie  bitumen 
thus  obtained  should  be  heated  further  to  220*, 
when,  if  the  sample  is  good,  there  will  be  little 
or  no  further  loss  of  weight ;  if,  however, 
volatile  oils  or  petroleum  be  present,  the  loss 
may  be  considerable. 

The  volatile  oil  is  best  determined  by  re- 
peatedly digesting  the  powdered  sample  with 
cold  alcohol  and  weigmne  the  residue ;  the 
exhaustion  may  be  considered  as  complete 
,  when  a  portion  of  the  alcoholic  washing  shows 
no  turbidity  on  dilution  with  water. 

If  the  residue  left  after  exhaustion  exhibits 
;  a  dark  colour,  other  organic  constituents  of 
>  valueless  nature  are  present.  Their  proportion 
may  be  ascertained  by  igniting  the  weighed 
residue  left  after  the  removal  of  the  bitumen, 
re-carbonating  it  with  ammonium  carbonate, 
again  gently  igniting  it  and  re- weighing.  The 
loss  of  weight  represents  the  quantity  of  non- 
bituminous  matter  present. 

Val  dc  Travers  asphalt  gives  up  the  whole 
of  its  organic  matter  to  petroleum  spirit,  im- 
parting a  deep  bro^n  colour  to  the  fluid,  per- 
fectly free  from  fluorescence,  ndiereas  the 
soluble  portion  of  coal-tar  pitch  does  not  exceed 
20  or  25  p.c,  yielding  a  solution  exhibiting  a 
deep  greenish  fluorescence,  a  characteristic  of 
this  pitch  in  any  of  its  solvents  and  which 
renders  its  detection  alone  or  in  admixture  a 
matter  of  no  great  difficulty  (r.  infra). 

Pitches  derived  from  teehnleal  processes. 

Artificial  pitches.  Coal-tar  pitch  may  be 
looked  upon  as  occupying  the  most  prominent 
position  in  the  series,  both  as  regards  the 
magnitude  of  its  production  and  its  corre- 
sponding consumption  for  the  purposes  of 
artificial  fuel,  asphalts  and  varnishes. 

Some  idea  of  the  extent  to  which  this  residue 
is  produced  in  the  Unite<l  Kingdom,  togetiher 
with  the  industry  springing  out  of  it,  may  be 
gathered  from  tlic  statement  that  according  to 
the  loat  census  of  production  the  total  output  of 
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Tablb  III. — Rotation  of  Various  Estsbs 

DEKTVED   FBOM  GLYCEBIC   AoID.^ 


Methyl  . 
Ethyl 
n-Piopyl . 
te0-Piopyl 
fi-Batvi  . 
ifoButyl  . 
n-Heptyl 
n-Octyf  . 


A 

Glycer- 
ate 

-6*76** 
-12*80 
-19-16 
-17-49 
-21-87 
-28-06 
-28-06 
-22-28 


B 
Diacetyl- 
glycerate 

-24-66® 
-85'6« 
-4617 
-41-69 

-50-88 
-47-89 
-47-92 


A-B  C  A-C 

Dimethoxy- 
piopioiiate 

-108-8°      98° 
-114-4     1021 
-122-6     108-8 


18-8° 
28-26 
2606 
24-20 
-        -124-2     102-8 


27-88 
24-84 
26-64 


-127-9 
-126-6 


104-8 
108-8 


Table  IV. 


Menthyl  formate 
acetate 


»f 


f» 


t» 


>» 


t» 


f» 


»r 


propionate 

n-butyrate 

n-yalerate 

«i-caproate 

9»-heptylate 

n-caprylate 


-146-3* 
167-3 
160-2 
1671 
167-3 
167-7 
167-7 
166-8 


Table  V. — Seoondabt  Aloohols. 


tfec-Propvl-methyl-oarbinol 
ethyl 
n-propyl 
n-DUtyl 
n-amyl 
n-hexyl 
»M)ctyl 
n-decyl 


f> 


»» 


»> 


f» 


t» 


»» 


f» 


+4-3* 
16-4 
24-7 
33*3 
32-9 
33-9 
34-5 
34*5 


(Pickard  and  Kenyon,  Chem.  Soc.  Trans.  1912» 
101,  624). 

With  the  above  data  several  points  may  be 
illustrated. 

1.  Although  ordinary  malic  add  in  aqueous 
solution  is  Isevorotatory  like  the  esters  derived 
from  it»  and  is  called  Z-malic  acid,  it  is  to  be 
inferred  from  the  behaviour  of  its  concentrated 
solutions  that  the  substance,  if  it  could  exist  at 
the  ordinary  temperature  in  the  liquid  form, 
would  show  a  positive  rotation.  Solutions  of 
above  pb34  have  a  positive  rotation  at  20*^ 


Table  VI. 

—Rotation  of  Estebs 

OF  Vabious  Acids  *  (temperature  approximately  20^). 

1 
Ethyl 

[MId             Ethyl 

[Mjo 

Ethyl 

[M]d              Ethyl 

[M]d 

Lactate 

Acetyl- 
lactate 

Benzoyl- 
lactate 

Methozy- 
propionate 

1 

-12-2* ; 

-79-7   i 
+69-0t 
-118-9 

Olycerate 
Diacetyl- 

glycerate 
Dibenxoyl- 

glycerate 
iSmethoxy- 

propionate 

-12-3° 
-36-6 
H-89-2 
-114-4 

Malate 
Acetyl- 
•   malate 
Benzoyl- 
malate 

Methyl 

Malate 
Methoxy- 
succinate 

1 

-19-8'*, 
-62-3 
-11-4   ' 

Tartrate 
Diacetyl- 

tartrate       i 
Dibenzoyl- 

tartrate 

+16-86° 
+  10-0 
-123-6 

Methyl 

Methyl 

-6-8 
-103-8 

Methyl 

+3-8 
+180-0t 

Lactate 
Methoxy- 
propionate 

-8-6 
-112-7 

Glycerate 
Dimethoxy- 
propionate 

-11-1 
-92-4 

1 

;  Tartrate 
I  Dimethoxy- 
succinate 

Tartaric  acid.  Table  II.,  behaves  similarly,  but 
in  an  opposite  sense,  for  although  it  itself  and 
its  salts  in  aqueous  solution  as  MreXL  as  its  simple 
esters  in  the  homogeneous  state,  have  a  positive 
rotation  and  it  is  called  li-tartaric  acid,  it 
would  nevertheless  give,  if  it  could  exist  in 
the  Uquid  homogeneous  condition,  a  negative 
rotation. 

2.  Although  to  the  names  of  many  com- 
pounds the  letters  d-  and  Z-  are  prefixed  merely 
to  indicate  the  sicn  of  their  rotation,  Emll 
EiBcher  has  been  able  to  trace  a  genetic  relation- 
ship between  many  substances  related  to  the 
sugars,  and  prefixes  the  letters  d-  and  I-  to  the 
names  of  compounds  according  to  the  structural 
relationship  which  they  bear  to  glucose.  In  a 
long  series  of  researches,  pre-emment  alike  for 
manipulative  skill  and  reasoning  power,  Fischer 
has  snown  that  natural  glucose  must  have  one 
or  other  of  the  structural  formulae : 

*  For  references  see  P.  F.  Frankland  and  Gebhard, 
Chem.  Soc.  Trans.  1905,  87.  865. 

'  From  P.  F.  Frankland  and  Gebhard,  Chem.  Soc. 
Trans.  1006,  87,  867,  which  see  regarding  data  marked 
thus  t* 


CHO 
H— C— OH 
HO— C— H 
H-dj— OH 
HO— OH 

CHjOH 

tf-Qlucose. 


CHO 
HO— i— H 

H— l>-OH 
HO— C— H 
HO— i— H 

CHjOH 

/-Glucose. 


and  as  it  is  hardly  probable  that  we  shall  ever 
be  able  finally  to  discriminate  between  these,  he 
has  made  the  above  arbitrary  seleotion.  d- 
Tartaric  acid  must  then  be,  as  he  has  shown, 

COOH 
H— (*>— OH 
HO— C— H 

COOH 

(2-Tartaric  acid. 

the  two  upper  asymmetric  carbon  atoms  of  the 
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rapidly  with  diminution  of  concentration,  the 
rate  becoming  greater  as  the  dihition  inoreaeee, 
to  attain  ultimately  to  a  value  of  —20^ 

Thus  the  rotation  of  this  ester,  whose  specific 
rotation  in  the  pure  condition  is  only  +7*8^ 
can  be  made  to  vary  from  +41*  to  —20®  by 

Influence  of  Various  Solvents  on  the  Rotation 
of  Ethyl  Tartrate, 


the  molecular  solution-volume  of  the  ethyl 
tartrate  at  infinite  dilution  in  the  difierent 
solvents  was  determined,  the  assumption  being 
made,  as  a  first  approximation,  that  all  the 
change  of  volume  suffered  in  the  process  of 
solution  might  be  attributed  to  the  solute,  and 
further,  that  the  magnitude  of  the  solution- 
volume  might  be  reoarded  as  a  measure  of  the 
internal  pressure.  Although  these  assumptions 
are  not  generally  admissiue,  it  is  nevertheless 
possible  that  in  some  instances  thev  may  be 
nearly  fulfilled.  In  any  case  expenment  dis- 
covered a  parallelism  between  the  magnitude  of 
the  specific  rotation  and  the  molecular  solution- 
volume,  both  at  infinite  dilution,  as  is  illustrated 
in  the  following  Uble  (Ber.  1005,  38,  4101). 

TaBLB   X. — ROTATIOK    AND    SOLUnOK-VOLVlfB 

or  £thyl  Tabtratb  in  Vabious  Solvbhts. 
(Ethyl  tartrate,  BlV.»170-0  c.c.) 


40  60 

Concentrshon  (p) 

Fio.  36. 

solution  in  these  solvents ;  clearly,  therefore, 
care  must  be  taken  in  reporting  the  exact 
circumstances  under  which  any  rotation  has 
been  measured,  and  also  in  utilising  rotation 
data  obtained  by  the  use  of  several  different 
solvents.  The  curves  also  show  that  if  an 
active  compound  is  solid,  so  that  its  rotation  in 
the  homoTOneous  liquid  condition  cannot  be 
determined,  this  value  may  still  be  arrived  at 
by  extrapolation  from  the  data  for  its  solutions, 
preferably  in  a  number  of  solvents,  the  accuracy 
with  which  the  extrapolation  could  be  made 
depending,  of  course,  on  the  solubility  of  the 
compound. 

Many  attempts  have  been  made  to  explain 
these  remarkable  effects.  Naturally  a  correla- 
tion has  been  suggested  between  the  rotation 
and  the  osmotic  molecular  weight  of  the  dis- 
solved substance,  but  it  has  proved  imposnble 
up  to  the  present  to  establish  any  connection. 
{htf  Frankmnd  and  Pickard,  Chem.  Soc.  Trans. 
1896,  69,  131 ;  Patterson,  %b\i,  1901,  79.  182 ; 
1902.  81,  nil ;  Ber.  1906.  38.  4049 ;  1908,  41, 
113;  Patterson  and  Thomson,  ihii,  1907.  40, 
1244  ;  Walclen.  ibid,  1905.  38,  389 ;  1906.  39, 
658  ;  1907,  40.  2463  ;  Purdio  and  Irvine,  Chem. 
Soc.  Trans.  1904,  85.  1055.) 

Another  proposal,  originallv  made  by  Tam- 
mann,  was  that  the  rotation  depends  upon  the 
internal  pressure  of  the  solvent  or  of  the  mixture 
of  solute  and  solvent.  This  idea  was  applied 
by  Patterson  (Chom.  Soc.  Trans.  1901,  79,  188) 
in  the  case  of  ethyl  tartrate  in  various  solvents, 
but  instead  of  calculating  the  internal  pressure. 


[M.8.V.]" 

[al^faiflnite 

Solvent       infinite  dilution 

dUution 

Water 

.     1601 

-f-26-86'* 

Methyl  alcohol    . 

.     169-3 

+11-60 

Glycerol 
Ethyl  alcohol 

.     163-3 

-MO-67 

.     164 

+9-13 

fi-Fropyl  alcohol 

167-6 

+7-40 

iso-Butyl  alcohol 

170-3 

+6-63 

sec-Octyl  alcohol 

174-3 

+6-24 

Benzene 

.     1761 

+6-1 

Toluene 

.     174-8 

+4-6 

o-]^lflDe    . 
m-Jjlene  . 

.     176-8 

+2-7 

.     176-6 

+1-8 

o-Xvlene   . 
Mesitylene 

.     1761 

+0-7 

.     177-4 

-3-0 

Chloroform 

.     178 

-3-2 

Excepting  for  water,  there  appears  to  be  a 
fairly  close  relationship  between  the  values  of 
these  two  magnitudes.  The  idea  was  taken  up 
by  Winther  and  applied  to  explain  the  change 
of  rotatory  power  with  variation  of  temperature. 
In  certain  cases  it  is  found  that  there  is  a  direct, 
linear  relationship  between  the  values  of  the 
rotation  and  the  molecular  volume  either  in  the 
homogeneous  condition  or  in  solution.  Thus, 
for  example,  the  figures  for  homogeneous  ethyl 
diacetyltartrate  may  be  given. 


AV 


Tabui  XI. 

t 

Wo 

A[«l„ 

V 

66-8^ 

+4-37'' 

0-38 
0-17 
0-28 
0-40 
0-70 

0-8906 

67-6 

4-76 

0-8993 

71-3 

4-92 

0-9020 

78-2 

6-20 

0-9081 

86-7 

6*60 

0-9161 

100 

6-30 

0-9266 

0-0087 

44 

0-0027 

63 

0-0061 

46 

0-0070 

67 

0-0114 

61 

In  the  above  table  v  is  the  specific  volume, 
and  I;  is  a  constant  calculated  nom  the  equa- 
tion : 

A[o]p=»l;AW. 

The  values  of  k  vary  irregularly  about  a 
mean  value  of  54,  so  that  the  rotation  appean 
to  be  directly  proportional  to  the  spedfio 
volume.  (For  many  other  examples  see  Win- 
ther. Zeitsch.  physikaL  Chem.  1906,  66, 
263.) 

MuUi-f<Aaiioii,  It  not  infrequently  happens 
that  the  rotation  of  a  compound,  generally  in 
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some  property  irrespcotive  of  the  chemical 
oomposition  of  the  solvents.  It  is  interesting 
that,  whilst  the  maximum  rotation  of  the 
homogeneous  ester  lies  at  a  temperature  of 
175°,  it  is  again  quite  apparent  in  a  solution  in 
m-dinitro-benzcne  of  p=49*6,   but  at  a  lower 

Influence  of  Temperature  on  Rotation 
in  Solution 
Ethyl  Tartrate  in  Various  Solvents. 


'  means  very  dilute  solutions  the  rotations  lie 
j  fairly  close  together. 

Neutral  tartrate  of  [Blip 

Lithium         .         .  .     +581'» 

Sodium                   .  69*9 

I              Potassium      .         .  64*4 

Ammonium   .         .  63*0 

Again,  Pope  and  Peachey  (Chcm.  Soo.  Trans. 
.  1899,  75,  1086)  give  the  following  rotations  for 
!  compounds  formed  by  the  combination  re- 
I  speotively  of  dextro-  and  laevo-  tetrahydro- 
'  quinaldine  with  dextro-oamphor-sulphonio  acid. 

Sabstanoe  [MIq 

dCioHi,N*dCieHi,0*SO,H     -fl73*3« 
I 'I -69*5 

Half  the  difference  between  these,  121 -4^ 
should  be  the  rotation  of  a  dilute  solution  of 
either  form  of  tetrahydroquinaldine  hydro- 
chloride, and  for  the  laevo  variety  experiment 
gave  — 121-7^  Further,  half  the  sum  of  the 
above,  51 '9^  should  be  the  rotatory  power  of 
ammonium  camphor  sulphonate,  for  which  the 
value  51  *7^  was  found.  Use  is  occasionally  made 
of  this  principle  in  determining  the  rotation  of 
small  quantities  of  active  bases  or  acids,  obtained 
by  the  resolution  of  potentially  active  com- 
pounds. 

The  truth  of  this  Law  of  Oudemans,  as  it  is 
called,  has  been  questioned  by  F.  L.  Shinn  (J. 
Phys.  Ghem.  1907,  11,  201). 

The  foUowing  table  gives  some  data  for  ethyl 
tartrate  and  for  nicotine,  in  regard  to  the  relative 
efifeot  of  the  same  set  of  solvents  on  the  rotation 
of  a  number  of  different  active  compounds. 

Tablb  XII. 


40*         90*         I20*        /W      A»* 
Temperature 

Fio.  37. 

temperature,  123°.  The  curve  for  p-nitro- 
toluene,  p=b20,  showB  a  maximum  at  about  85% 
and,  from  the  appearance  of  the  other  curves, 
the  maximum  passes  rapidly  to  lower  tempera- 
tures as  the  rotation  increases.  It  seems  likely 
that  other  substances  closely  related  to  ethyl 
tartrate  would  behave  in  solution  in  a  very 
similar  manner. 

Boiaiion  of  active  salts  in  solution.  In  1873, 
Landolt  (Ber.  1873,  6.  1077)  observed  that  some 
of  the  neutral  tartrates  in  aqueous  solution  had 
all  very  nearly  the  same  specifio  rotation,  whilst, 
later,  Oudemans  (Annalcn,  1879,  197,  48,  66) 
showed  that  the  rotation  of  dilute  solutions  of 
salts  of  quinamine  seemed  to  be  independent  of 
the  acid  radicle.  Hadrich  (Zeitsch.  physikal. 
Chem.  1893,  12,  476)  applied  the  dissociation 
theory  to  the  explanation  of  these  results, 
suggesting  that,  as  the  solution  of  a  salt  is  di- 
luted, the  rotation  is  modified  because  the 
active  radicle  becomes  more  and  more  dissoci- 
ated from,  and  therefore^  less  and  less  influenced 
by,  the  inactive  radicle.  In  very  dilute  solu- 
tions, the  rotation  is  that,  merely,  of  the  free 
active  ion.  Thus  Landolt  found  the  follo\\inp 
data  for  solutions  containing  7*69  grms.  of 
tartaric  acid  in  100  c.c.     Even  in  these  by  no 


Solvpnt 
Formamide  . 
Water 

Methyl  alcohol 
Ethyl  alcohol 
Benzene 


Ethyl  tartrate    Nicotine 
[alj,  infinite   Mi,  infinite 

dilution  dilutloD 

^-304°  -70*» 

26-85  77*4 

11*5  129*4 

913  140*1 

61  163*5 


Ethylene  bromide      —19*1  183  5 

The  sequence  of  the  rotations  in  these 
difiFerent  solvents  is  the  same  for  both  active 
compounds.  See  also  Walden  (Ber.  1905,  38, 
345)  for  data  bearing  on  this  subject.  Further 
work  in  this  direction  is  desirable. 

Mixed  solvents.  The  effect  of  mixed  solvents 
such,  for  instance,  as  a  mixture  of  nitrobenzene 
and  ethylene  bromide  on  ethyl  tartrate,  or  of 
water  and  calcium  chloride  on  glucose,  has  been 
examined  by  Rimbach  (Zeitsch.  physikal.  Chem. 
1892,  9,  698 ;  Rimbach  and  Weber  {ibid.  1905, 
51,  473) ;  Patterson  and  Montgomerie  (Chem. 
Soc.  Trans.  1909,  95,  1128) ;  Stubbe  {ifnd.  1911, 
99.  2265);  Patterson  and  Anderson  {ibid.  1912, 
101,  1833),  but  no  generalisation  seems  to  be 
possible  as  yet. 

Combination    of    Active    Solute    with    Inactive 

Solvent. 

A  supjjestion  often  made  to  account  for  the 
variations  of  rotation  ob8erve<l  in  solution  in 
\ihat  are  termed  *  indifferent '  solvents,  is  that 
complex  molecules  of  solute  and  solvent  are 
formetl,  but  the  evidence  advanced  is  usually  of 
a  negative  character.     An  extensive   rcftc&t^Vv 


Zn  POUAXTTE. 

WMJAJfTK  T.  Prz/  •Lr'^rrr.  P:«.^iittai  bw  bees  vdefitiiHi  vith  ndiom  F, 

POLMIUM     R^ttm  f  :    Ri^i^/^Smnmf*  .    ifcg  b^g  o<  the  «ene»  o<  trarjifin— tinn  prodacto 


A  FftdJrMeCi-'t  »3ft^aKr.t.  d.-i«:r  T<t»<i  bj  P.  aim!    ghttrgi?  £rr>m  rwirsai  to  ndimm  F  mToIra  the 
Jf.  Car>  m  t&e  r^rlvK4  ot<Ai£««i  from  pr«h-    k«f  ci  icur  m  rarticks  from  the  atom.    The 


Unvfe  after  the  m^j^r^l  had  bwr.  rcKUft^w!  vnh    a^mic  v^izii'  ':^  |KV:<Li«m  fhovld  theivfofe  be 
K^inim   cartrjc^t^  acd  the  tir>nKt  exttacuc    abcot  210.  ~  Thit  ^kkcioTn  ladhim  G,  into  which 


vhh  johi^'sr^:  Mvi  to  diascir^  vrannim  aahc    poVixiJuc   difci:e«7a:<».   if  deTotd  of  sensibfe 
The  ijuorable  rendae,  from  vixh  radium  va«    radJoaccirnT.  tc^Ee  the  half  period  of  polooiom 


orijpDaOj  preuhrcd.  va«  IcvzA  to  crxitaoi  azjocher    pc*paratJcfL«  th&s  hare  Ixtxi  kept  for  fiTe  yean 
fadioaetire  eleic«ct  vhieh  wa#  wectaitated  to>    ^   practicallT   >i«ctical  vith  the  ficme  pTcn 


ireth^  vith  biffmnth  niphide  br  colphcretted  abore  vWater«.  PhiL  Mag.  19I<)^  [riT]  19,  905). 

hrdrrjT^xi  in  aeid  lofaitko  ^Compt.  mid.  Is^,  Radrsa  G  vill  pr?babtT  ptoTe  to  be  lead. 

127.  175;.    The  fTZTtber  Kparatioa  of  the  actire  The  ndichUai  of  Hofmaon  and  Stimiim  (Ber. 

bod.T  from  bi«m::th  va«  e#wt<d  by  the  foIk>Tmz  1901.  34.  9CQ3 :  Hcfmann  and  Wolff,  QM.  1903, 

methwb  :    f  1)  axibhmatioci  of  the  snlphkks  at  36L  1010   ha«  be«Hi  fhoan  to  ove  ita  actiTitT  to 

VMf  in  raemo,  the  actire  mlphide  beinz  the  more  the   pruecce  of   the   trandbrmataon   products 

Tolatcle ;   '2)  precipitatioci  of  the  basic  rr:r»t«-§  r^iimm  D.  E  acd  P.    The  sobetanee  0-poloMtun, 

from  aohitiofi.  the  actire  material  precipctatiiiz  described  bv  GKsel  (Ber.   1906,  39.  790)  va« 

firrt :  ^3;  precipitation  of  a  itrongly  acid  chk>r>ie  §hown  later  to  be  radium  E  (Giesei,  iftidL  1906. 

aohition    vith    hydrogen   sulphide,   the   actire  39.  1014 . 

mlphide  wparatoiz  firrt.  (For  tbe  preparatiot:  POLTBASITE.  X  ^ulphantimonite  of  rilrer 
of  polonium  compounds  r.  abo  Gi«eL  .Ann.  r$j-72  ptc  ar.d  ccpofr  (3-15  PlC.)  with  the 
Chim.  Phy.  IS^,  fii.]  69,  91 ;  Ber.  1902,  35,  fonnxiU  8.  Az.Cu  5  <KJL*  JS,  (F.  R.  Van  Horn. 
3606:  1903,  36,  72*.  236S ;  190S,  41,  1059:  Amer.  J.  Sci.  1911.  32,  40l  The  antimony 
MarcinfaW.  Ber.  1902,  35,  22S5:  Curie  and  niay  hft  partly  or  wbc-Uy  replaced  by  arsenic, 
Ilcbieme,  Compt.  rend-  1910,  15C».  3^»  fonnJ-z  a  paj^sare  to  the  uomorphons  species 
In  1902,  AATckvald  ^Ber.  1902,  35,  22S5.  pfarrnU  :  small  acouni*  of  rinc  and  iron  are 
4239 ;  1903,  36,  2662)  obtained  a  radioactire  also  often  present.  Both  minerals  occur  as 
substance  aasodated  with  tellurium,  which  he  iit>n-bUck,  six-sideii  plates  with  monodinic 
eaOed  nviioUBmrium,  This  is  almost  certainly  sTmmetrv.  Thev  *re  found  in  the  silver- 
identical  withpolonium,  as  Debieme  aoon  after-  ,iining  di^thct.*  of  Mexico,  Colorado,  Nevada, 
wards   pomted   out   /Compt.   rend.    1901,    139.  4c..  sometimes  in  suScient  abundance  to  be  of 


2Hl>.     Although  Xarckvald  f  Jahrb..Radioaktiv.  importance  as  ore*  of  «ilrer.  L.  J.  S. 

Elektronik.  1905,  2,  133)  difputed  their  identity,  POLTCHREST  SALT.       An  old  name  for 

he  subsequently  (Chcm.  Zentr.   1906,  ii.  412,  normal  potassium  sulphate ;  apoiied  also  some- 

recommended  that  his  material  should  be  called  lu^^^  to  Rochelle  «a!t. 

polonium.  t       A        .X.  POLYCHROMIHE   r.    PBimxcrK   ash   ns 

Polonium  ha«  been  found  m  the  uranium  j)ERrvATn-E3. 
mineral  camotite  (Friedel  and  Curoenge,  Compt.  -^^_  v*» »»  »/*  a/«¥t>       c,.--^  . 

rend.  1899,  128,  532.  SSM?^  ^^  ^   ^^™^ 

Wien  a  plate  of  bismuth  is  immersed  in  a  POLYGOHni  r.  Olucosides. 

pr^Ionium  solution,  the  active  matter  is  deposited  POLYGOIIIJll     CUSPID ATUH.     P.     Cfupi- 

on  the  plate;  the  active  material  is  alfo  precipi-  daium  (Sieb.  et   Zucc.),   is  common   in   India, 

tat*rd  bv  stannous  chloride  rMarckwald».  China,  and   Japan,  and  is  referred  to   by  A. 

The'ra^iiation  from  polonium  is  extremelv  Henry  in  a   paper  entitled  'Chinese  Names  of 

active,   conftiAting   entirelv  of   a-rav«   identical  Plants '  f  Journal  Royal  China  Branch  of  Royal 

with  those  of  ra^lium  f  B^icquereL  CV»mpt.  rend.  Asiatic  Society,  22.  Xea  Series,  No.  5,  1887)  as 

1903,  136,  431,  977  >.     The  rav.^  are  deflected  in  '  Kanyen,  wu-tzu.'  the  name  at  Pktung  for  the 

a  strring  matmetic  field  Olackenzie.  Phil.  Mag.  root  of  the  P.  cuspidatum^  which  is  said  to  be 

1905.  [vi.]  10.  538 ;  Ewers,  Chem.  Zentr.  19U6  used  for  dyeinj:  yellow. 

i.  Km).     The  range  of  the  a-particles  in  air  is  Accordinsr    to    Perkin    (Chem.    Soc.    Trans. 

3'S  cm-,  f  Uvin    Amer.  J.  Sci.  1906,  [iv.]  22.  8  •  1895,  67,  1084V  the  main  constituent  of  this  root 

cj.  A^hkinas.^.  .\nnalen  Phvsik.   IWjg.  [iv.]  27  «    a    plucoside   poiygonin    C„H„0,,,    forming 

377).     The  activity  of  polonium  decays  acconi-  orange-yellow  needles,  m.p.  202**-203*,  which, 

ing  to  the  uj«ual  exponential  law,  the  half-perio'l  ^en  hydrolysed  by  acid5,  gives  emocfan  and  a 

being  140  days  ^Curie,  Compt.  rend.  1906,  142.  sugar. 

273).    The    half.perirxl    for    radiotellurium    is  CjiH5oO,o^H,0=C,jH„0,-f C.HijOg. 

139-6  days  (Greinacher  and  Herrmann,  Jahrb.  ^  ^^ace  of  a  second  clucoside  is  aim  present, 

Radioaktiv.  Elektronik.  1905,  2,  136).  f^^,   .^hjeh   the   €modin  monomdkyUiker,   m.p. 

Owing  to  the  minute  quantities  of  ^fonium  gOO**.  previously  found  to  exist  in  the  root  bark 

avaiUble    It    has    been    extremely   difficult   to  of  the  rcn/i7(Wo  m/idrospafaiui  (Gaerto.)  (Chem. 

detect  helium  as  one  of  itn  disintoCTation  pro  g^  jrans.  1804,  65,  932)  was  obtained. 
duct%  hut  Cxine  and  J>bi*Tne  (Compt.  rend.  ^  q^  p^ 

1910,    LW,  386)   have  obtained    1-3   c.mm.   of  nrkivriAtm?       \   .  •  i        i  v  * 

helium  frr>m  appn^ximatelv  01   mjrm.  of  polo-  ^L™^"^;     '^  '"P':i^^P^lf' 

nium   icf.  Grf-inacher  and    Kenibaum,  Zeitsch.  K3S04MgS04-2CaS04,2H,0, 

phvflikal.  CTicm.   HKl7,  8.  330).     The  spectrum  occurring  in  some  abundance  in  salt  deposits, 

linr-^  A  =4642,  4170-5,  3913-6,  3652-1  proUbly  In  the  potashsalt  Intls  of  Sta«sfurt  in  P^ssia 

Ix'lon^    to    polonium.     Pi»lonium    preparations  and  Stebnik  in  rrfilicln  it  is  more  closely  associate*! 

"lowly  evolve  heat  fLHiane,  Compt.  rend.  1909,  with  n>ck-sAli,  anhydrite,  and  gynsum ;   and  it 

148,  1665).  is  al&o  found  with  tbe:se  minerals  in  the  salt 


mIU,  ai  well  m  ths  methoda  of  mamifactDre 
pnniied  hen.* 

The  village  of  Blwafnrt  U  mtuated  on  the 
rircr  Bode,  not  Ear  from  Magdeburg,  in  Pmaaitui 
Saxony,  oloM  to  the  borders  of  the  small  princi- 
palit;  ot  Anhalt.  In  1S60  StMsfort  numbered 
2000  inhabitants;  in  18B6, owing  to  the  develop- 
ment ot.the  oamallite  induatry,  16,000,  and  the 
adjoining  neiriy-formed  village  of  LeopotdshaU 
(in  Anhalt),  4000  inhabitants.  The  Stasstnrt 
brine-Bpriiigi  are  mentioned  aa  far  back  as  1227, 
»ad  in  the  U«t  oentury  7,000  tons  of  salt  per 
aannm  were  made  there  in  30  salt-paas  ifbut 
aboDt  1816  the  production  of  aalt  from  biine  v 


'  in  the  face  of  oompating  trine-^ringa.  In  1839 
!  the  Pnuaian  mining  office  commmced  boring 
I  for  rock-salt,  and  in  1S43  the  slJt  waa  attnok  at 

a  depth  of  siso  feet-  The  boring  warn  ooatiaatA 
I  for  another  1080  feet  without  getting  to  the 
I  iMttom  of  the  stratum  of  salt ;  but  uie  brine 

pumped  op  was  extremely  impure,  containing, 
,  together  with  sodium  chloride,  a  luge  Qoantit; 
,  of  magneainm  chloride,  potaaaium  chloride,  and 
I  magneainm  sulphate.  It  was,  howerer,  ooD- 
;  jeotored    at  onco   that  theae  salts  might    be 

deposited  in  Mparate  Btrato,  and  it  waa  reaolTsd 

to  sink  two  shafts.    These  w 


■topped  there,  having  ceased  to  be  tomanerativB  1  thick  a 


penetrated  a  number  of  strata  of  other  salts,  of 
in  aggregate  thickness  of  S30  feet,  which  were 
oalled^  sbraumsalze,'  because  they  were  at  first 
considered  nselesa.  and  bad  to  be  taken  away 
before  getting  to  the  rock  salt. 

Later  on  it  was  found  that  the  salt  deposits 
occupy  an  enormous  basin  in  the  North  German 
Plain,  which  has  been  successfully  tapped  in 
several  other  plaoeH,  of  which  we  mcDtion  onlv 
Sperenberg,  near  Berlin,  where  the  boring  was 
oontinued  through  the  enormous  thickness  of 
3940  feet  of  salt  without  getting  to  the  bottom  ; 
also  at  S^eberg,  near  Lflbeck.  and  in  other 
places.      But  poiasfiiim  salts  in  ffreat  quantity 

I  IntUipattweloIlowtoagreat  extent  the  delaUed 

dsitrlptlon  '  "      

Industrie,  Bmiu^ciiwciK, 

HakB,  J.  aoc.  Chom.Inil. , .. 

Soe.Chfm.In'l.  1888,  288;  Kublfr -chlty.  DIb  Deutsche 
Kallinduorie  (190S) :  Krtsd^e.  Dia  Vrm^Hnna  dai 
KaHKiaoni ;  Bhrhardt,  die  Kamnilu'trlo  HOOD ;  rrerht. 
die  norddaub-clie  Knlhndu'trle  (lODT)).  A  very  tm- 
pottant  «erie«  ot  re«»rrhe«  od  the  [ormnllon  ol  tlio 
Slasifuct  depMltt  ha>  '  .         _        . 


hU  coadjato». 
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until  quite  reoently  had  been  found  only  in  one 
locality,  in  the  vicinity  of  Stoasfurt,  tmen  the 
'  Abraumsalie'  occur  in  the  Tipper  New  Red 
Sandstone.  According  to  Chem.  Zeit.,  Aug.  22, 
1911,  large  deposits  of  sylvine  have  been 
discovered  in  Upper  Alsace,  in  an  area  of 
about  200  square  MlOB..  near  MOlhausen.  Two 
Rtreta  hare  been  found,  the  upper  one  3  feet 
thick,  the  lower  one  more  than  10  feet  thick 
estimated  to  oontain  some  1600  tons,  but  the 
borings  u-ill  have  to  be  deep,  say  1600  to  2100 
feet,  which  entails  a  very  high  temperature. 
This  field,  unlike  the  North  German  deposits, 
seems  to  be  continuous,  without  fanlta.  Geo. 
logioallv  it  is  much  more  recent  than  the  Staas- 
furt  beds.  But  the  recovery  of  potassium  salts 
from  the  Aluatian  field  has  not  yet  become  a 
commercial  fact,  and  we  therefore  oonfine  our 
description  to  thu  Stosafurt  deposit  :— 

In  1856  and  1857,  the  tn-o  Prussian  shafts  at 
Stn.'«<furt :  in  ISfll.the  Anhalt shaftatLeopoUa- 
hsil ;  in  I87Q,  two  shafts  at  Douglaahall,  new 
West^rcgeln;  in  1876,  ashaftat  Non-Staaetart : 
in  1878-lSSn,  another  tn-o  shafts  at  Btaarfurt: 


in  1SS3,  •  shaft  at  Aechenleben,  annk  by  the 
Continental  Diamond  Rock-Borinfi  Company  ; 
tome  more  ihafto  at  SoWay'i  mines,  near  Bern- 
boi^.  at  Sohfiuebeck,  &o. ;  the  Hereynia  shaft  at 
Vienenborg. 

The  profilea (Figs.  1  and  2)(^vean  ideaof  the 
strata  pierced  in  tho  two  oldeet  and  most  impor- 
tant shafts  at  Stasafnrt  and  LeopoldshalL 

At  Staasfort  itaelf  the  total  thicknesa  of  the 
salt  strata  is  estimated  at  about  2600  feet,  and 
the  time  neceaaary  for  their  torroation  at  about 
8000   years.     F.    Bischof,    who   has   examined 


them  moat  thoTDiishly<  divides  them  into  the 
four  foUowing  'regions,'  of  which  only  Uke  Snt 
and   the   last   have   become   of   teouiioal   im- 

].  Anhydrite  or  roet-taU  rrgion,  ao  oaUed 
from  the  strings  of  tnhydroDB  oalciiun  lulphato 
which  divide  the  rook-aalt  into  bands  of  an  arer* 
age  thioknees  of  nearly  4  inobee,  each  of  wbii^ 
ia  supposed  to  be  ■  year'a  nowth.  The  layera 
of  oalcinm  aulphate  are  on^  {  inch  thick,  and 
amount  only  to  4  p.o.  by  weipht  of  the  look-aalt 
iu  the  appoi  strata,  or  0  p.c.  in  the  lower  strata. 


II 


Bv  mechanically  Beparating  the  anhydrite,  rock- 
halt  of  90  p.c.  NaCl  can  be  obtained  on  a  Urge 
scale.    Small  quantities  of  hydnboraeilt 

(C«MgB,0,„6H^0) 
and  of  a  itrontium  aulphate  are  found  here  as 
welL    The  thicknesa  of  this  stratum  varies  a 
great  deal ;  in  the  centre  of  the  basin  it  may  be 
c.itiiDate<)  at  about  2tXH)  feet. 

2.  PalijhaiiU  rrgion.  Here  the  rock-salt  ia 
uliradv  mucd  with  mother-liquor  salts,  of  which 
th(-  ilcimiTiant  one  is  polyhatiU  \ 

2i:aSO„MgSO„K,SO,.2H,0. 
Maguefiium  chloride  accompanies  tho  rock-salt, 
and  small  quantities  of   Bul|ibur  and  of   bitu- 
minous substances  are  found  here.     The  averase 
eomposition  of  this  stratum   is:    91  lock-salt, 

apolybalite,  •  anhvdrite.  1}  inagncaium  cblor- 
j;   itslbioknrsoi»'207f»C. 

3.  KiettriU  regiori,  to  called  from  the  ocour- 


renco  of  white  bands  of   kieaerite  MgSO„H,0. 
The  average  mixture  is  ; 

66  p.0.  took-salt 

17    „   kieaerite 

13    „   oarnallita 
3    „    bisahofit«.  Hga„aH,0 
2    „    anhydrite. 
This  Btrntum  has  a  thicknesa  of  187  feet. 

4.  CarnaOite  rrgion.  This  containa  6fi  p.0. 
of  eantaUite  KCl,MgCl„6H,0,  the  most  valnable 
of  the  Stassfurt  sa]t«.  together  with  26  p.c.  rook- 
salt.  IS  p.c.  Ideeerite,  the  remaining  4  p.o. 
oonsiating  of  magnesium  chloride  (SitclwfiU) 
MgCI,.6H.O,  magnesium  bromide  MgBrvBBiO, 
iJAyi}ril<"[CaClt,2MgCI,.I2H,0).  bonciU  or 
tUu'fvrtile  (2Hg,B,0,,),  anht/dnlt  Ca80„  retcA- 


hardliie   (MgS04,7H..6),'  clay,   sano,    micaoeoui 
oxide  of  iron,fto.    Tbc  tbickneai  of  thii  itratnm 


PROPIOLIC  COBIPOUNDS. 
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pl*oe  through  the  oxygen  atoms,  and  meta- 
propaldehycS  and  parapropaldehydo  arc  probably 
examples  of  cis-trans  isomerism  (OmdorfE  and 
Baloom,  Ix,). 

PROPCBSIN;    PROPONAL    v.    Synthstio 

DEUOS. 

PROPIOLIC  COHPOUNDS.  From  propiolic 
aoid,  HC  '■  COOOH,  may  be  derived  a  series  of 
acids  of  the  general  formula  CnH,N^x*^*  C*GOOH, 
Mid  the  members  of  this  series  may  be  regarded 
as  the  true  homologues  of  propiolic  acid,  although 
the  isomeric  acids,  in  which  the  acetylene  linkage 
is  not  in  the  a-fi  position,  are  often  sIeo  described 
as  propiolic  compounds.  The  alkyl  group  may 
be  replaced  by  an  aromatic  radicle,  e,g.  in  phenyl 
propiolic  acid  CtHj-CiCOOOH,  the  nitro- 
derivative  of  which  is  important  as  being  the 
initial  substance  in  Baeyer*s  original  synthesis 
of  indigo. 

AlMpropiolie  acids R-C I CCOOH.  Methods 
of  formation : 

1.  By  the  action  of  carbon  dioxide  on  the 
sodium  acetylenes — 

RC:CNa+CO,=RCiCCOONa. 

A  convenient  modification  of  this  synthesis  is 
to  employ  chlorocarbonic  ester  and  saponify  the 
product — 
R-C:C-Na+a-COOC,H4=Naa+RCiC-COOC,H5 

(Horeu  and  Delange,  Compt.  rend.  1903,  130, 
552). 

2.  By  the  action  of  dilute  aqueous  potash 
on  the  chloro  derivatives  of  the  acrylic  acids — 

ROa :  CHCOOH  -Ha=RC  i  C  COOH. 

Reactions. — 1.  On  reduction  with  sodium 
amalgam  the  corresponding  fatty  acid  is 
obtained. 

2.  On  boiling  with  alcoholic  potash  /3- 
ketonio  acids  are  formed — 

R-C:C-C00H4-H,0=RC0-GH,C00H 

(Moreu  and  Delange,  Compt.  rend.  1902, 136, 733). 

3.  On  heating  with  aqueous  potash  a  ketone 
is  obtained — 

R-CiC'C00H4-H,0=RC0CH,+C0,. 

4.  The  propiolic  esters  react  readily  ^ith 
alcohols  and  amines,  forming  addition  com- 
pounds, and  also  with  hydrazine  forming  pyrazole 
derivatives  (Moreu  and  Lazenncc,  Compt.  rend. 
1006.  143,  596,  and  1239). 

Ptopiolic  acid,  propargylic  acid, 
HC:  CCOOH, 
was  discovered  by  Bandrowski,  who  obtained 
it  by  warming  the  aqueous  solution  of  the  acid 
potfikssium  salt  of  acetylene  dicarboxylic  acid. 
It  is  a  colourless  liquid,  slightiy  heavier  than 
water,  with  a  strong  smeU  of  acetic  acid,  freely 
soluble  in  water  and  organic  solvents,  m.p.  9  , 
b.i>.  140°-146**  (decomposition).  Propiolic  acid 
is  a  stronger  acid  than  acetic  acid,  which  is 
attributed  to  the  negative  nature  of  the  acety- 
lene liukasre.  Its  alkali  and  alkaline  earth  salts 
are  characterised  by  excessive  solubility  in 
water ;  on  boiling  their  solutions  there  is 
gradual  decomposition 

2HC:CCOOK=K,C03+COa+2CjH,. 
Owing  to  the  fact  that  there  is  an  acetylene 
hydrogen  atom  present,  propiolic  acid,  its  salts 
and  esters  are  capable  of  forming  characteristic 
metallic  derivatives,  such  as 

AgC^CCOOCjHj, CuCiCCOONa,  &c. 


The  copper  comjpound  on  oxidation  with 
potassium  ferricyanide  3rieldB  a  propioUo  deriva* 
tive  containing  two  acetylene  Imkages 

(•CiC-COOH), 
and  by  the  elimination  of  a  carboxyl  group  and 
the  subsequent  oxidation  of  the  copper  com- 
pound of  the  substance  thus  obtainea,  Baeyer 
was  able  to  perform  a  synthesis  of  the  acid 
(<5:C*C*:C-C00H),,  containing  four  acetylene 
Unkages  (Ber.  1885,  18,  2269). 

Propiolic  aldehyde  HC:CCHO  has  been 
obtained  by  Claison  (Ber.  1898,  31,  1022; 
1903,  36,  3664)  from  the  acetal  of  dibromo- 
acrolein  by  converting  it  into  propiolic  acetal 
by  the  action  of  potash  and  then  eliminating  the 
ethoxyl  group  by  means  of  dilute  sulphuric  acid. 
It  is  a  colourless  mobile  liquid,  b.p.  o0°,  with  an 
even  more  pungent  odour  than  acrolein.  like 
propiolic  acid,  it  forms  silver  and  copper  deriva- 
tives. The  aldehyde  group  is  attached  to  the 
acetylene  nucleus  even  less  firmly  than  the 
carboxyl  in  propiolic  acid,  cold  aqueous  alkalis 
causing  immediate  decomposition — 

HC:CCH04-K0H=C,H,-fHC00K. 
Similarly  hydroxylamine  and  phenylhydrazino 
do   not   condense   normally,   but   yield   cyclic 
products,  namely  isoxazole  and  pyrazole. 

Hetbylpropiollc  acid  CH,*C':C*COOH,  m.p. 
76'',  b.p.  203"".  The  esters  of  this  acid  and  the 
higher  homologues  find  some  application  in 
the  preparation  of  artificial  perfumes  (Moreu, 
D.  R.  PP.  133631 ;   158252). 

Phenylproplolic  acid  C«Ht-C:C-COOH,  has 
been  obtained  by  the  action  of  sodium  and 
carbon  dioxide  on  bromophenvlacetylene, 
C^Hg'C  I  CBr  ;  by  the  action  of  carbon  dioxide 
on  sodium  phenylacetylene  C^HjOiCJNa;  by 
the  action  of  alcoholic  potash  on  bromocinnamic 
acid  or  on  phenyldibromopropionic  acid.  White 
crystals  sliehtly  soluble  in  water,  m.p.  137°; 
it  forms  soluble  salts,  the  sodium  salt  having 
strong  disinfecting  properties  (Kozai,  Chem. 
Zentr.  1906,  i.  1758).  Reactions :  On  heating  it 
loses  carbon  dioxide  and  forms  phenylacetylene; 
chromic  anhydride  oxidises  it  to  benzoic  acid; 
on  reduction  with  zinc  dust  and  acetic  acid 
cinnamic  acid  is  formed ;  bromine  is  added 
readily  with  the  production  of  two  isomeric 
dibromo-cinnamic  acids  ;  acetic  anhydride  causes 
condensation  to  a  phenylnaphthalene  derivative 
(Bucher.  J.  Amer.  Chem.  Soc.  1910,  32,  212). 

o-Nltrophenylpropiolic  acid 

C.H,(NO,)CIC-COOH 
{set  Indioo,  artificial)  was  first  obtained  by 
Bacycr,  who  utilised  it  in  the  synthesis  of  indigo. 
On  nitrating  cinnamic  acid  the  ortho-  derivative  is 
obtained  ;  if  this  is  converted  into  the  dibromo 
acid  by  the  addition  of  bromine  and  the  product 
treated  with  alkali,  o-nitrophenylpropiolic  acid 
results  (Baeyer,  Ber.  1880,  13,  2258;  I).  R.  P. 
11857).  On  reduction  in  alkaline  solution,  it 
gives  first  isatogcnic  acid,  and  then  loses  carbon 
dioxide  to  form  indigo  ;  or  by  heating  it  may 
bo  converted  by  loss  of  carbon  dioxide  into 
o-nitrophoiiylacetylene,  the  copper  compound  of 
which  may  be  oxidised  by  potassium  ferricyanide 
to  the  diacetyleno  derivative,  and  this  on  re- 
duction yields  incHco.  On  treating  with  alkalis 
o-nitrophonylproi)iolic  acid  forms  isatin ;  by 
the  action  of  concentrated  sulphuric  acid, 
isatogenic    acid    (Baeyer,  1).    B.,    ^.    V\^^\ 
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Name 

Origin 

Class 

Fhyoooyan,^  Phyooerythrin 

()eramium  rubrum 

Chromoproteins 

Ricln 

Castor  bean 

Albumin 

Tub^rin 

Potato  tuber 

Globulin 

YioiUin 

Lentil,  horse-bean,  vetch,  etc. 

Globulin,   precipitated    by  ^ 
saturation  with  ammonium 
sulphate. 

Vignin 

Cow-pea 

Globulin 

Maize 

Animal  Proteins. 

Prolamine 

Kame 

Origin 

Class 

Albumin  of  egg  (ovalbumin) 
Albumin     ot     milk    (lact- 

iw 

Albumin 

»» 

albumin) 

Albumin  of  serum 

Serum 

tf 

Benoe- Jones  protein 

Certain  pathological  urines 

Globulin  (?) 

Oaeeinogen 

Milk 

Phosphoprotein 

Qiondroproteins 

Cartilage,  tendons,  etc. 

Glycoproteins 

Qupeine 
GolUffen 
CSonalbumin  (?) 

Testes  of  herring 

Protamine 

Connective  tissue 

Scleroprotein 

Eggs 

Albumin 

Oonohiolin 

Shell  of  lamellibranchs 

Scleroprotein 

Gomein 

Cora] 

Scleroprotein 
Globulins 

a-  and  3-GrystallinH 

Lens  of  eye 

Cyclojpterine 

Testes  of  cyclops 

Protamine 

Mastm 

Ligamentum  nucas 

Scleroprotein 
Globulin. 

Fibrinogen.    Yields  fibrin  on 

Blood 

clotting 

Qadus  histone 

Testes  of  Cradus 

Histone 

Gelatin 

Closely  allied  to  collagen 

Scleroprotein 

Globin 

Separated  from  chromo-protcin 
of  blood. 

Histone  (?) 

Globulin  of  egff  (ovoglobulin) 
„        muk     (lacto- 

^^ 

Globulin 

globulin) 

„         serum 

Serum 

ft 

Gk>rgonin 

Skeletal  tissue,  Gorgonia  cavol- 

Scleroprotein. 

Haemoglobin 

lull 

Blood 

Conjugated  protein 

Histone  of  thymus 

Thymus  gland 

Histone 

Keratins  (various) 

Hair,  horn,  nails,  etc. 

Scleroproteins 

TiOta  histone 

Testes  of  Lota 

Histone 

Myosin  (para  myosinogcn) 

Striated  muscular  tissue 

Globulin 

Myogen  (myosinogen) 

»»            f»            »» 

Albumin 

Mucins  and  mucoids 

Various  secreting  glands 
(Animal  mucilagenous  substancec 

generally) 
Animal  ana  vegetable  cells  (sup- 

Glycoproteins 

Nucleoproteins 

Nucleoproteins 

posed  constituent  of  nucleus) 

Onuphin 

Onuphis  tubicola  (worm) 

Scleroprotein 

Reticulin 

^lucosa,  small  intestine  of  pig, 

etc. 
Testes  of  salmon 

>» 

Salmino 

Protamine 

Scombrine 

Testes  of  mackerel 

,, 

Silk  gelatin 

Silk 

Scleroprotein 

Silk  fibroin 

Silk 

,, 

Spongin 

Six)nges 

»> 

Sturine 

Testes  of  sturgeon 
Th^Toid  gland 

Protamine 

Thyreoglobulin 

Globulin 

Vitellin 

Yolk  of  eggs 

Phosphoprotein 

IV.  The  Separation  and  Identification  of 
THE  Natural  Proteins. 

One  of  the  chief  difficulties  encountered  in 
the  investigation  of  the  proteins  is  that  due  to 
their  separation  from  one  another.  So  great 
has  this  been  that  in  very  many  of  the  cases  it 
is  impossible  to  state  whether  a  substance 
described  under  a  given  name   is   a  chemical 

*  Kylin,  Zeitoch.  physiol.  Cliem.  1910,  09, 169. 


entity  or  a  mixture.  In  the  case  of  insoluble 
substances,  such  as  the  keratins,  this  state- 
ment can  be  readily  understood.  But  even 
in  the  case  of  the  soluble  proteins,  no  satis- 
factory method  for  complete  separation  exists. 
This  is  due  to  the  colloidal  nature  of  the  sub- 
stances, so  that  if  one  substance  is  separated 
from  solution,  it  -will  carry  down  with  it,  in 
state  of  adsorption,  other  substances,  which  in 
its  absence  would  rcmavi\\xv^M\\Q\i.    '^v^x  >iX!«ef^ 
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oloiely  allied.  Tho  reaction  is  charactcristio 
rather  of  the  species  of  the  animal  from  which 
the  antigen  is  uerive<l  than  of  its  actual  chemi- 
cal characteristics.  Thus  a  prccipitin-yieldinc 
serum  obtained  by  the  injection  of  human  blood 
into  rabbits  will  give  a  prt*cipitation  \iith  any 
of  the  proteins  derived  from  tho  human  body, 
and  if  the  rabbit  had  been  properly  *  immunised  ' 
with  a  sufficient  number  of  injections  it  will 
precipitate  these  proteins  in  very  dilute  solutions. 
notoins  derivecl  from  a  species  zoologically 
allied  to  a  man,  such  as  anthropoid  apes,  it  \n\\ 
{n^cipitate,  but  only  in  more  concentrated 
solutions  than  are  necessar>'  to  produce  a  pre- 
cipitate in  the  case  of  proteins  of  human  origin. 
This  *  precipitin  '  reaction  has  been  employed 
practically  in  meat  inspection  to  determine  the 
origin  of  the  meat  in  sausages  and  other  meat- 
containing  material,  when  the  origin  cannot  be 
ascertained  by  direct  inspcKition.  As  to  the 
chemical  or  physical  nature  of  tho  precipitin 
reaction  little  is  knoA\'n. 

V.  The  Conjugated  Proteins. 

(a)  The  Nueleoproteins. 

This  important  class  of  proteins  is  found  in 
most  tissues,  the  nueleoproteins  biding  generally 
assumed  to  be  the  chief  constituent  of  the  cell 
nucleus.  They  were  first  systematically  in- 
vestigated by  Miescher,  who  showed  that  the 
spermatozoa  of  salmon  and  various  other  fi^h 
^^'CTe  composed  chiefly  of  compounds  of  the 
strongly  basic  protamines,  with  an  amorphous 
acid  called  nucleic  acid.  Nucleic  acid  is  the 
essential  non-protein  group  in  this  class  of 
conjugated  proteins,  and  is  found  in  combina- 
tion with  other  proteins  than  the  strongly  baRic 
protamines.  The  nueleo-proteins  can  \>e  ex- 
tracted from  tissues,  &c.,  by  dilute  salt  solu- 
tions or  very  dilute  alkali.  From  the  solution 
thus  obtained  they  can  be  precipitated  by  dilute 
acetic  acid.  'It  is  sometimes  advisable  to  dry 
the  tissues  before  extracting  by  treating  with 
gradually  incrt^asing  concentrations  of  alcohol, 
and  finally  with  absolute  alcohol  and  ether. 
On  digesting  nueleoproteins  with  enzymes,  the 
protein  part  of  the  molecule  is  partially  hv(l^<)ly^e(l 
and  a  residue,  soluble  in  alkalis,  but  insoluble 
in  dilute  acetic  acid,  is  obtained,  which  is  termed 
a  nuclein. 

Naeleie  aeid.  It  is  important  in  this  article 
to  give  a  short  account  of  this  acid,  which, 
although  not  a  protein,  is  found  oidy  in  com- 
bination with  proteins  to  form  substances  of 
great  physiological  importance.  As  to  the 
number  of  nucleic  aci<ls  anri  the  identity  of 
the  nucleic  acids  from  various  sources,  nothing 
quite  definite  can  be  stattMl  at  the  present 
time,  although  Steudel  aflirmH  that  the  nucleic 
acid  obtained  from  such  different  sources  as 
fish-s))ermatozoa  and  thymiis  glan<l  of  calf  are 
identical. 

Nucleic  acid  was  orijjinftllv  obtained  by 
Miescher  by  treating  the  nueleoprotein  from 
fish  spermatozoa  with  sodium  hydroxide  solu- 
tion and  t browing t he soluti«)n  of  so<liuninuch«At<' 
thus  obtaimnl  into  an  ice-eolii  solution  of  hydro- 
chloric acid  in  alcohol.  The  ojHTati<ms  must 
be  carried  out  rapidly,  as  the  nucltMr  acid  is 
readily  decompose*  1  by  mineral  acids.  The  aei<l 
is,  however,  mc^re  stable  in  the  presence  of  alkalis. 


and  is  now  generally  prepared  directly  from 
tissues,  &c.,  without  previously  isolating  the 
nucleoprotein.  Thymus  gland  gives  the  largest 
vield.  The  gland  is  boiled  with  alkali,  the 
iiydrolysis  mixture,  after  solution  of  the  proteins, 
neutralised  with  acetic  acid,  and  the  filtrate 
from  the  precipitate  thus  obtaimnl,  throx^-n  into 
alcohol,  whereby  sodium  nucleate  is  precipi- 
tated ;  this  is  purified  by  solution  in  water  and 
reprecipitation  by  alcohol.  The  free  acid  can 
be  obtained  from  the  sodium  salt  by  alcoholic 
hydrochloric  acid.  Nucleic  acid  is  a  stnmg 
acid,  which  gives  soluble  alkali  salts  from  solu- 
tions of  which  tho  frt»e  acid  can  be  precipitate<l 
by  mineral  acids,  but  not  by  acetic  acid.  A 
6  p.c.  solution  of  sodium  nucleate  forms  a  gel. 
On  hydrolysis  with  acids  it  yields  tho  followmg 
groups  of  substances :  (a)  alloxuric  bases  (guanine, 
adenine,  xanthine,  and  hypoxanthine ;  (6) 
pyrimidine  bases,  cytosine,  uracil,  and  thymine  ; 
(c)  carbohydrate  derivatives,  formic  and  lajvu- 
lic  acids,  decomposition  products  of  hexose ; 
{d)  phosphoric  acid  and  ammonia.  Of  these 
products,  xanthine,  according  to  Sttudel,  is 
a  secondary  decomposition  product  produced 
by  the  action  of  acids  on  guanine,  with  scission 
of  ammonia,  and  hypoxanthine  and  uracil  arc 
in  a  similar  way  produced  from  adenine  and 
cytosine  respectively.  St<udel  represents  the 
hydrolysis  of  nucleic  acid  as  follows  : 

((juanine)  (Adenme) 
+C5H,N,0,  +  C4H5N,0+4(,H,j()«+4HPOj 
(Thymine)    (Cytosine)     (Uexoie). 

According  to  this  scheme,  nucleic  acid  is  a 
tetra-metaphosi)horic  acid,  containing  for  each 
;  atom  of  phosphorus  a  hexose  gn)up  (compare  the 
■  glyceropnoophates)  and  one  molecule  of  a  base. 
Recent  researches  of  Levene  and  his  pupils  indi- 
cate that  the  ordinary  nucleic  acid  is  formeil  by 
;  the  coupling  up  of  single  groups,  termwl  nucle<)- 
tides,  each  of  which  ccmsists  of  a  phosphoric  acid 
n»sidue  combine<l  with  a  carbohydrate  and  a 
base.     Tho  nucleic  acid  of  thymus   would   Iw 
formed  from  four  such  groups,  each  containing 
'  a  diffen'nt   Imse.     The  nuchK>tides  themselves 
:  can  Ik>  broken  do^\•n,  acconling  to  the  method 
of  hydrolysis,  into  complexes  containing  phos- 
phoric acid  and  a  carbohydrat*',  or  into  com- 
plexes containing  carliohydrate  and  base  (Ik»r. 
1<K)8,  41,  im)5,  2703  ;   1909,  42,  335,  1 198,  2474, 
2409,  2703). 

Nucleic  acids  from  yeast,  wheat  embryos, 
and  other  sources  have  also  been  investigate*!. 
Certain  other  allied  sulwtances,  such  as  guanylic 
acid  (from  pancreas)  and  inosinic  acid  (from 
meat  extract)  have  been  deserilxMl,  which  yield 
on  hydrolysis  pentoses  instead  of  hexoses. 
These  are  possibly  nucleotides  Ififc  j)ajX'rs  of 
l>evene  already  quoted  alx)ve). 

b.  The  Glycoproteins. 

In  this  gn>up  is  include<l  a  large  numlKT  of 
mucilagenous  substances,  which  are  widely  dis- 
tributed in  the  animal  kingdom.  Included 
amongst  them  are  the  nuieins  of  egi^-white 
serum,  salivary  glands,  ascitic  fluids.  &e.  They 
are.  for  the  most  i)art,  ])recii>itate<l  from  solu- 
tions by  very  weak  alkali.  l*roj>erly  siH-aking, 
they  should  not  [KThaps  Ik'  classi^^l  «rf*  tvA\\\\'^\.'iA 
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which  oorreBponds  to  shorter  wave  lengths  in 
the  visible  region.  From  this  formula  we  may 
write — 

log  E=Ki+K,-- 

T 

where  Kj  and  Kg  are  constants,  which  gives  a 
linear  relation  between  the  energy  corresponding 
to  any  particular  wave  length  and  the  absolute 
temperature. 

The  simplicity  of  this  relation  is  the  basis  for 
calibration  of  pyrometers  making  use  of  the 
variation  of  the  intensity  of  some  particular 
wave  length,  usually  a  narrow  strip  in  the  red, 
with  temperature.  Determinations  at  two  tem- 
peratures are  sufficient  to  calibrate  such  a 
pyrometer. 

Inasmuch  as  all  bodies  do  not  radiate  as  a 
black  body,  an  optical  pyrometer,  calibrated 
from  observations  made  on  a  black  body,  does 
not  read  correctly  when  estimating  the  tem- 
perature of  all  bodies.  The  error  is  not  serious, 
however,  for  the  reason  that  most  bodies  are 
viewed  from  the  interior  of  a  furnace  whose  sides 
are  usually  uniform  in  temperature  with  that 
of  the  body.  In  such  cases  the  bodies  do  not 
deviate  to  any  appreciable  extent  from  that  of 
a  black  body. 

Polished  platinum  departs  from  a  black  body 
as  much  as  almost  any  substance.     At  1500*^0. 
the  intensity  of  the  light  emitted  by  this  sub- 
stance is  only  equal  to  that  emitted  by  a  black 
body  at  1 376  C.    Hence,  when  viewed  in  the  open 
by  an  optical  pyrometer  measuring  the  intensity 
of  the  red  rays,  it  would  appear  to  be  1376**C., 
when  it  was  reaUy  at  the  higher  temperature. 
This  is  expressed  by  saying  that  its   '  black 
body  *  temperature  is   1375*C.     When  this  is 
viewed  from  the  interior  of  a  furnace  at  1500°C., 
polished  platinum  reflects  the  equivalent  amount 
of  the  light  which  it  fails  to  emit  at  that  tem- 
perature as  a  black  body,  and  in  consequence  its 
temperature  is  measured  correctly.     Iron  fortu- 
nately departs  to  a  smaller  extent  from  a  black 
body,  and  an  error  of  only  30°C.  at  1000**C.  is 
made  by  viewing  iron  in  the  open.     For  many 
years  close  estimates  have  been  made  by  ex- 
perienced observers  of  the  temperature  of  a 
furnace  by  the  eye.     The  enormous  increase  in 


the  light  from  the  furnace  entering  the  pyrometer 
until  it  was  equal  in  intensity  with  that  from  a 
standard  light.  This  is  done  in  the  well-known 
optical  pyrometer  devised  by  Le  Chatelier 
(Compt.  rend.  1892,  114,  214,  470)  by  means 
of  an  iris  diaphragm.  The  rotation  of  the 
diaphragm  to  reduce  or  increase  the  light  from 
the  furnace  gives  the  necessary  scale  for  esti- 
mating the  temperature.  In  the  Wanner 
pyrometer  (Phys.  Zeit.  1902,  3,  112  ;  Iron  Affe, 
1904,  18,  24)  a  polarising  devise  is  used  for  «ie 
same  purpose.  In  the  pyrometers  of  Holborn 
(Ann.  Physik.  1903,  10,  225)  in  Germany,  and 
Morse  (Am.  Machinist,  1903)  in  America,  the 


> 
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Fig.  6. 


adjustable  scale  is  supplied  not  by  varying  the 
light  from  the  furnace,  but  by  varying  the 
brilliancy  of  the  electric  comparison  lamp. 
The  filament  of  the  glow  lamp  is  placed  in  the 
field  of  view  of  the  orifice  of  the  furnace,  and  the 
electric  current  is  adjusted  until  the  glowing 
filament  disappears.  An  ammeter  a  in  series 
with  the  lamp  and  rheostat  l  supplies  the  scale 
for  computing  the  temperature  {see  Fig.  6).  In 
all  these  instruments  calibration  at  two  tempe- 
ratures is  sufficient  in  accordance  with  the  law 
of  Wien. 

A  very  compact  form  of  the  Wanner  optical 
PjHTometer  for  lower  temperatures  has  been 
devised,  and  is  sold  by  Townson  and  Mer- 
cer. This  extends  in  scale  from  626°C.  to 
lOOO^C.  The  ordinary  form  of  Wanner  extends 
from  900°C.  to  4000°C.,  smoked  ^ass  being  used 
for   temperatures  above  2000**.     For  the  stan- 

the  intensity  of  light  with  rise  in  temperature  |  dardisation  of  a  pyrometer  the  amy!  acetate 

has   made   this   possible.      Thus  if 

the  intensity  of  the  red  light  emitted 

by  a  body  at  lOOO^'C.  be  1,  then  the 

intensity  at  1500®  will  be  130  times 

as  great  and  at  2000°  over  21,000 

times  as  great.     At  about  727°C.  the 

intensity  of    the  light  increases  25 

times  as  fast  as  the   temperature. 

While  trained  workmen  have  gained 

great  facility  in  estimating  tempera- 
tures, owing  to  this  fact,  no  accurate 

gauging   of    the    temperature    of   a 

furnace  can  be  made   in   this  way. 

The  eye  is  too  much  influenced  by 

surrounding  light  and  the  state  of 

health,  to  be  relied  on  for  uniform 

results. 

Bccquerel,  in  1862,  was  the  first  to  FiQ.  7. 

use  the  photometric  measurement  of 

the  intensity  of  light  as  the  basis  for  a  system  of    lamp,  as  used  in  photometry,  is  employed.     The 

pyrometry.    He  compared  the  red  light  emitted    comparison  lamp  of  the  pyrometer  is  adjusted 

by  a  glowing  body  with  that  from  a  standard    to  read  correctly  when  the  pyrometer  is  set  to 
lamp.    The  moasurement  consisted  in  adjusting    view    the    amy!    acetate    flame.     rv^^\SkRXfc\s» 
Vol.  IV.— r.  «!  Q, 


QUEBRACHO  COLORADa  #0 

is  fomed.  Bv  tkii  tRAtBent  h  loses  a  inolr-  ISCC  269^  fstimatcts  it  to  ooctani  mbo«t  ^*  p.c. 
cole  ol  vmt«r,  forming  an  s&hTdride,  qmmt  of  a  tannin  yieldinc  reds  .plLk>hopkaae<  aad 
9idf,C-^J3L^O^  Tlus  o&mponDdL  whick  x«  viiite.  oootaining  catechol  and  pUotvciodEkctl  nvriri. 
amorpiiM»,  and  bctier.  melu  as  19!2°-1M*  and  This  tannin  b  flomcvhat  spannchr  K^abir  m 
when  boikd  vith  dihite  akoboi,  takes  up  agahi  wt«T  and  can  otily  be  used  in  w^eak  hqnonw  l«Y 
a  nolecole  of  vatcr,  qoaaEm  being  re-formed,  girrs  a  finn  reddish  leather. 
Qoaasin  may  also  be  eonreited  into  the  anhvdhde  ~  In  order  to  isolate  the  tannin,  temss  and 
bv  heating  vith  acetic  anhjdnde.  or  eren  by  heat  Ges^haendei  (Zeit^ch.  angew.  Chen.  1SM6.  l!^ 
aine  at  150*  in  a  evrrent  of  dry  air.  If  fatooine  1  If  1 )  extract  the  bark  first  with  chkir[«fc«vi  and 
be  present  iribnmkofmmsnmg,  C»H,,Br,0,,  then  with  akohoL  Additioo  of  w«tcr  to  the 
resalta.  If  qvaann  be  heated  with  aeetie  anhy-  akoholic  extract  cause*  the  arpaiatinii  of 
dride  in  presence  of  aodiiun  acetate  the  dehydra-  phlobophanes.  and  from  the  dear  li«iaid  <wa> 
tion  goes  further.  In  this  case  two  molecoles  centratcd  in  a  Tacnum  the  tannin  »  precipitaicd 
of  wmtcr  are  removed,  and  a  seami  amMfinde,  by  lead  acetate,  the  kad  «ah  betns  coikctcd 
CssH^O,.  a  white,  pearl-like,  amorphons  maaSk  sospended  in  water  and  decomposed  with  s«l- 
mdting  at  ISO^-IS^^  is  obtained.  Bromine  phnretted  hydrogen.  The  msvhing  tohitioii  is 
forms  with  quaaain  a  fnbfttimtioo  derivatiTc  evaporated  to  drynesR.  the  iwadne  diseohred  in 
mehinff  at  155*,  bromoqmmsnm^  C^.Hf  Br^O^  (?).  aloc^l  and  poured  into  ether.  Tho»  obtained  it 
and  phovpboTDs  pentadilonde  yietds  pernio-  oonsist«  of  a  light  flaky  maas.  which  ishygiaMopit 
cUoroqmastin^  t\M^i^fi9  <-K  •  yeDow  powder  and  becomes  sticky  on  exposure  to  moist  air. 
mehing  at  119*.     A  ailro  derimiire  melting  at  According  to  Aiata  (J.  ISTOl.  3(]i6U  qmthrwtki^ 

19(>*  abo  exisu  iD.  and  0.\  When  qnann  is  teanta  C^Jn^fi^^  gives  ooierlMif  on  dry  du^ 
heated  with  ooocentiated  hydriodic  acid  and  tiDation,  with  nitric  acid  oiafk'  and  picric 
amorphous  pbosphonu  it  yields,  among  other  acids,  by  fusion  with  alkali  pUoros^wcimti 
produciB,  iaodmrtmc,  C,«H, ,.  and  a  kpirScarhany  and  prvUfcaiechmie  acid^  whereas^  by  the  latter 
C,«Hi«,  which  boils  at  2dCr*-240*  (Oliveri,  Gazz.  method,  Xierenstein  isolated  aho  iyrirvgwiaone 
chun.  itaL  17,  575 ^  and  ruotcimol  (Cbllegiam.  190i5.  651.     According 

From  the  investigations  of  Uaasote  (Arch,    to   the   latter  author,  the  quebracho  Colorado 
Pharm.  [iii.1  38,  147)  it  would  appear  that  the    probaUy  contains  three  tannins.     By  treating  a 
bitter  crystalline  constituents  of  the  different    cold  aqoeous  extract  of  the  qnebimcho  Colorado 
trees  mentioned  at  the  beginning  of  this  article,    with  bromine.  Bottinger  (Ber.  17. 1123)  obtained 
although  similar,  are  not  identicaL     By  an  im>    s  reddish-yellow  compound  containing  43-1  to 
proved  process  this  observer  obtains  from  the    44-5  p.c.  of  bromine.     N^renstein,  who  isolaled 
wood  of  Q.  tttmara  four  bitter  crystalline  qmas-    the  tannin  according  to  Trimble's  method  ^Tlie 
sins,  one  of  which  corresponds  with  the  quassin    Tannins),  treated  the  solution  with  lead  acetate, 
of  Oliveri  and  Deoaro.    The  others  are  pro-    filtered,  and  on  adding  bromine  to  the  clear 
bably  methyl  derivatives  of  this  with   higher    liquid  obtained  a  precipitate  of  wumobnmtojme' 
melting-points.     From    P.    excdsa    the    same    hfnekotannin  C,«H||Br<),.  which  consists  of  a 
chenuEt    obtains    two    ciy^talline    compounds    cinnabar  red    powdieT.  and    on  digestion    with 
idiich  are  designated  picraemims,    Tbey  differ    alcoholic  potash  gives  iBORin«27fC  ociVf  and  tmomo- 
in  composition  from  the  qMoatins^  but  appear    6foiiiogiK6farAyf »r  octtf  needles,  m.p.  119'-12lV. 
also  to  be  methyl  derivatives  or  homolognes.  Strauss  and  Geschwender  (l,c.)  consider  that 

One  of  them  yields,  by  the  action  of  hydro-  quebracho  tannin  is  identical  with  maletto- 
chloric  acid,  picrasmic  tacid,  homologous  with  tannin,  and  with  the  tannin  from  cinchona 
the  quassic  acid  of  Oliveri  and  Denarc.  By  bark,  and  ascribe  to  it  the  formula  C^sH^Ota. 
extracting  crude  quassin  with  ether,  Merck  With  a  mixture  of  acetic  anhx-dride  and  acetic 
(Chem.  ^ntr.  1S95,  i.  435)  obtained  qwusoU.  acid  the  acetyl  compound  (CMUjjOn.ACf^s, 
C|gH-,0-rH;0  (?)  which  cr>-5taUi«es  in  colour-  colourless  powder,  is  produced,  and  a  corre- 
less  plates  melting  at  149*-r51*.  It  differs  from  sponding  benzoyl  derivative  (C„H.,0nBi,)j 
quassin  by  it^  alienee  of  taste.  can  also  be  prepared. 

Quassia  is  sometimefi  used  as  a  substitute  for  Quebracho  phlobophane,  on  distillation  with 

hops  in  beer.  For  methods  of  its  detection  see  zinc  dust,  \Telds  anthracene  (Nierenstein,  Ber. 
Dragendorff  (Chem.  Zentr.  1881,  285  and  299),     1907.  40,  4575). 

Allen    (Analy-^t.    1887,    107),    Chapman    (ibid.  Acconling  to  Amaudon  the  wood  contains  a 

1900,  35).  A.  S.  colouring  matter  which  gives  a  fine  vellow  dve, 

QUASSIC  ACID,  QUASSIDE,  QUASSDf,  r.  and  this  has  been  exa mined  bvPerkin and Gunnell 
Qtassu.  (Chcm.  Soc.  Trans.  1896,  69.  1301)  and  found  to 

QUEBRACHO  COLORADO.  The  quebracho  be  identical  \iith  fisetin,  the  colouring  matter  of 
Colorado  are  anacanliaceous  trees  belonging  to  younp  fui<tic.  This  compound,  which  appears  to 
the  genus  Qwthra^hia,  jm^^ing  in  the  northern  exist  in  the  wood  as  glucoside.  gives  on  fusion 
partof  the  Argentine  Kepuhlic,  the  wood  of  i^iiich  with  alkali  protocatechuic  acid  and  resorcinol, 
constitutes  the  wc'll-knoi»Ti  tannin  i»ub?!tance  and  may  account  for  the  appearance  of  the 
'  quebracho.'  It  is  impr>rted  into  this  country'  latter  phenf»l  among  the  hydrolvtic  products  of 
in  the  form  of  lf>gs  and  is  employe^l  for  tanning,  the  crude  tannin  itself.  Acconiing  to  IVrkin 
either  in  the  chipped  condition  or  in  the  form  of  and  Gunm-ll,  when  an  extract  of  the  quebracho 
extract.  Their  woo'l  i.s  extremely  hani,  as  the  Colorado  is  digested  Wixh  boiling  dilute  acid  a 
name  *  quebracho  '  fax'^-brraker)  denote.**,  and  small  quantity  of  dlagic  acid  is  obtaine<l. 
itssp.gr.  vari*:-s  frr^m  1*27  to  l-.*ix.  In  addition  to  the  tannins  abt»ve  descriUnl. 

Jean  (Bull.  Soe.  chirn.  l»yy I.  r{3,  0»  found  that  thf*  quebracho  Colorado  is  the  source  of  the 
it  contained  15-7  p.c.  of  a  tannic  acid  not  so-called  'quebracho  resin.'  which  ci>llects  a«  a 
identical  uith  that  of  oak  Viark  or  chestnut  thickened  juice  in  the  crevices  of  the  tree.  It 
wood,  whereas  Pnx.ter  'Leather  Manufacture,    has  been  examined  by  Arata  (Chem.  Sftfc.  ^iSafeVt. 
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fltill  present  in  this  compound,  and  it  yields 
with  alcoholic  potash  a  bright  yellow  salt  decom- 
posable by  water,  and  a  monoacetyl  derivative 
^i6H50,(CaH,0)(OCH,)4,  needles,  m.p.  167^- 
1G9*'  (H.).  The  eihylation  product 
Ci5H,0,(0C,H,), 

yellow  needles,  m.p.  120'-122*,  is  similarly 
constituted,  and  gives  the  (iceiyl  compound 
CijH.O,(OC,H5)4(C,H,0),  m.p.  16r-163*. 

When  heated  with  alcoholic  potash,  quercetin 
tetramethyl  ether  forms  vercUric  acid  and  a 
syrupy  pbdoroglucinol  derivative  (H.),  and  this 
latter  has  been  shown  (Perkin  and  Allison, 
Chem.  Soc.  Trans.  1902,  81,  471)  by  means  of 
its  disazobenzene  derivative  to  consist  of  phhro- 
glucinol  monomeihyl  ether,  Quercetin  tetraethyl 
ether  exhibits  a  similar  behaviour. 

The  following  is  a  list  of  the  more  impor- 
tant derivatives  of  quercetin :  Dibromquercetin 
CigH^BrjO^,  yellow  needles,  m.p.  233®-236**  (H.), 
acetyl  dibromquercetin  Ci|H,Br207(CtH,0)5  (H.), 
dibromquercetin  tetraethyl  eiher,  yellow  needles, 
m.p.  169*-173*,  quercetin  triphenylcarbamide 
(OH),-Ci,H505(OCO-NH-C.H,),  (Tesmer.  Ber. 
1885,  18,  2609),  triacetyl  quercetin 
Ci5H,0,(C2H,0)„ 

colourless  needles,  m.p.  167*-169*,  and  tetra- 
acetyl  quercetin  Ci5Hg07(C,H,0)4,  m.p.  193®- 
194*  (Perkin,  Chem.  Soc.  Trans.  1899,  75,  449), 
benzoyl  quercetin  CijHjO^CCyHjO),,  m.p.  239* 
(Dunstan  and  Henry,  Chem.  Soc.  Trans.  1898, 
73,  219).  With  mineral  acids  in  the  presence  of 
acetic  acid,  quercetin  gives  quercetin  sulphate 
CijHio07*HjS04,  quercetin  hydrobromide 

CijHioO^-HBr 

quercetin  hydrochloride  C,gH|o07*HCl,  and  quer- 
cetin hydrtodide  CigHjoO^'Hl,  which  crystallise 
in  orange  needles    and    are    decomposed    by 
cold  water  (P.  and  P.).    Monopoiassium  quer- 
cetin   CigH^O-K    and    monosodium    quercetin 
CijHjO^Na,  orange  needles,  are  produced  by 
the  action  of  alcoholic  potassium  and  sodium  | 
acetate8(Perkin,Chem.  Soc. Trans.  1899. 75,438).  , 
Aminoquerceiin  CigH40j(OH)5NH2,  pale  yellow  ■ 
needles,  has  been  obtained   by  Watson  (Proc.  j 
Chem.   Soc.    1911,   27,   163)   by  the  action  of  , 
hydriodic    acid  (1*7)    on    ami nopen tame thyl-  ' 
quercetin.     The  hydrochloride  CijHtiOy'N'HCl,  | 
yellow  needles,  the   hydriodide,   aviphate,   and  ^ 
acetyl    derivative,      colourless     rhombs,     m.p. 
151^-153^,  are  also  described.    Aminoquercetin 
dyes  mordanted  wool  browner  and  deeper  colours 
than  quercetin  itself. 

Quercetin  is  a  strong  dycstufif,  and  gives  with 
mordanted  wool  the  following  shades,  which  are 
almost  indentical  with  those  produced  by 
fisetin  : — 

Chromium     Aluminium  Tin  Iron 

Eed-brown  Browu-urauge  Bright  orange  Olive-black 

The  suggestion  that  quercetin  \*'as  probably 
hydroxyfisettn  is  due  in  the  first  place  to  Herzig, 
and  this  has  been  substantiated  by  the  synthesis 
of  this  colouring  matter  {acc  1k?1ow).  i 

It  has  been  found  (Waliaschko,  Arch.  Pharm. 
1904,    242,    225)   that     by    employing    methyl  | 
sulphate     in    the     methylation    of    quercetin, 
quercetin   pentamcihyl    ether    CijHgOiCOCH,)^,  ' 
colourless  needles,  m.p.  148  ',  can  be  jiroduced.    , 

From  quercetin  pentamethyl  ether  \Vatson 
(Proc.  Chem.  Soc.  1911,  27,  163)  has  prepared 
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the  Allowing  compounds:  Nitropentamethyl- 
quercetin  CijH40,(0CHa),-N0„  yellow  needles, 
m.p.  202^-204^ ,  aminopenlamethylquercetin 
Ci|JB[40g(OCH,)5-NH„  colourless  prisms,  m.p. 
200^-202%  pentamethylquercetin  hydrobromide 
C,jH,oO,-HBr,  hydrochloride  C„H,oO/HCl, 
sulphate  C,oH„0,-H,S04,  nitrate 

C,oH,oO,-HNO„ 

yellow  needles,  trinitropentameihylquercetin 
Ci5HaO,(OCH,).(NO,)„  m.p.  190-205  ,  rfi- 
brompentamethylquercetinCi^^O^-BT2-(OCHf)i, 
colourless  prisms,  m.p.  173^-175^^,  dibrompenta- 
methylquercetin  hydrobromide  CjoHj^O/Bra-HBr, 
dibromnitropentamethylquercetin 

Ci5H,0aBra-(0CH,)jN0„ 
yellow  rhombs,  m.p.    173^-175^,    pentamethyl- 
quercetin diazonium  chloride 

Ci5H40,(OCH,)gN,Cl, 
yellow   needles,   sulphate  yellow  needles,  and 
pentamethylquercetin-azo-fi'  napthol 

Cx5H40,(OCH3)gN,C|oH,OH. 
Pentamethylquercetin,  when  hydrolysed  with 
alcoholic  potash  (Herzig,  Ber.  1909,  42,  155). 
gives,  together  with  veratric  acid,  the  meihoxy 
derivatiije  of  the  fisetol  dimethyl  ether,  which  ho 
obtained  (Monatsh.  1891,  12,'  187)  by  the  hy- 
droljTsis  of  fisetin  tetramethyl  ether.  The  re- 
action may  be  expressed  as  follows  : — 

OCH, 


OCH, 


C— 


/"\ 


OCH, 
Quercetin  pentamethyl  ether. 

OCH, 

OCHa^'^— OH   OHC— ^     ^OCH, 

->      ^    !  II  \-^ 

<^^  ; — CO — cocH, 

OCH, 

Intermediate  compound. 
OCH, 

OCH,/\— OH  co-<^     >ocir, 

I       I  '         \ — " 

's^y-CO  :CHOCH, 

OCH, 
Hydroxy  pontamethoxybenzoylacetophenonc. 

OCH, 

OCH,/^— OH  COOH-^       ^OCH, 


+ 


\    / 


-^     -CO-CH,OCH, 

OCH, 

Methoxy  lUetol  dimethyl  ether, 
and  affords  a  clear  proof  of  the  ilavonol  C(m- 
stitution  of  quercetin — 

OH 

OH^  ^-^^^C— ('         OH 

:       ii   ^ 

.  .COH 

OH  ^^^ 
Quercetin  has  been  synthesise*!  by  v. 
Kostanecki,  Ijarai>e,  and  Tambor  (Ber.  1904,  37, 
1402)  by  a  series  of  reactions  similar  to  those 
which  had  Imjou  successfully  employetl  for  the 
prei>aration   of    llsetin.     The   startiuj^-i^oint   of 

'I  \v 


Bynthclical  method  may  affurd  tho  infurmation  reduction  (hydrogDnatioii)  intonaiGod  Ihe  phyeio- 

Toquired.     Fur  dcrirativcB  contauiiiig  tho  Bub-  logical  efieot  of  basaa  of  the  pyridioo  and  quino- 

Btituent  in  tho  'benzene' ring,  Skntup'a  synthe-  line  series  (Roy.  Soc.  Froo.  1874,  22,  290),  the 

tiotl  method  is  invaluable,  at  the  interpretation  pbyaiological  action  of  the  tetrahydroquinolineu 

of  the  results  is  free  from  ambiguity  except  in  was   ezamiued,  but   the   results   did  not  fulfil 

the   coao   of  sj-nthcses  from  mtUi-  substituted  ezpectktioD.   ITie  best  known  of  these  reduotion 

anilinfls,   which  may   aire   rise  to   both  tneta-  products,  kairoline,  thalline,  and  kairine  : 
-_j  .__   J.  Vtttivca  of  quinoline.     Methods  for  j£  g  h. 


and  ana-  denvativra  of  qumoune.  Metnods  tor 
meeting  this  difficulty  have  been  devised  by 
Skraup  and  Brunner  (MonaUh.   1886.  7.  136), 


^H,      CH,-0/\-^ 
H.  J. 


TorieUi  (Gaiz.  chim.  iul.   1886.  16,  336),  and  l     A   JB,  '       J,      JH,      ^    J,      )H, 

Lellmann  and  Alt  (Annalen,  1887,  237,  310)  ^^    N-CH,  NH        HO      N-CH 

Cj^imthk™  of  tU  prmrti^.  "f  »«'^''«  ""<'        KalrcUne.  ThalllM.  Kairine. 

naphUiaUnf. — In  qumoline,  which  oilier,  rtnio-  ,  ,,..,.  i-        ,i 

...__ii_.    I-     .       .1.. ._.....     L-    ._:_:__    -  have  marked  antiDvretio  nronertiea — thomcon- 


have  marked  antipyretio  properties — thow  « 


torvaleot  .iliogoo  atom  to  phie  o!  one  of  the  .»""«  •  "fW  '^fJ'  ""  '.'T'S"  feSP 
amethenrlgroip.,  certain  of  the  oha,«>t.fliilie.  ^^  ~"™,  i°.'™"^";,,'V.°.'?''.t^':J!S 
of  this  hydrocart»n  are  reprodutwd.     Thos,  S 


~iuinoquiiiolme-4-carlxixylie  acid  yiekls  au  ^  l^  '  i  .-■  i.-  .  .  l  i  -  i-  , 
tolemJ  anhydride  (Kooig.  and  Loiio«.  Ber.  ™    telationahip    ol    4-phenj  qumohne    I 

1M9.  32.  7f7| :  aild  lalin  are  formed  hy  g.  'f^^^'-  '?''  th.reloro  to  the  cjichon. 
hjdroijqntoolhi.,  hot  not  hy  their  iiionieride,  li'f*'"^  "^°'«tv  ?au  ,'7  ^i  v  '  '  ' 
(NoeitiJg  and  Tr.olm.nn,  il4  lg90.  2S,  3660).  M'i  .'^"«'',™',  "'"i.  'l.3^!  i  ?r".¥' 
Bot  Ih.  pr«.nc.  of  .  nilrogen  atori  in  on.  of  ?»<>  Me.mberg  iW.  1885,  !8.  10«)  1«1  to  ifo 
tho  rings  dcatroj.,  the  symmetry  of  the  mole-  investigation  of  6.mcthoiy-  and  other  denva- 
cole;  cS.<.qocntlythenomherof  mono.snhetl.  "'.";  °,'.  "S,  J^J^S™'*!  ""'  'J'ft,  ^ 
tution  derivatives  becomes  seven  iostesd  of  onlv  '8^^'  ^'  ^^^  '  Meirtor,  Luoios  &  Branmg. 
l.o  «i  In  naphthdene.  Mo.«.ver.  reaelivity,  D-  »-'•  '''?•  ™".  »>»»,°'  l??"!.  fot 
associated  in  nlphthslene  with  Ihe  a-  (1-.  *■,  6-,  ''»''°"8h  certam  of  them  .re  antipyretic,  they 
or  8.)  [osition  I.  restricted  in  qulnoUne.  ..  la  ""  »"'«"  .V^'itJ^''/^'  ""!  «"V™f  ?" 
pyridinirto  the  !■  md  1.  posilloM  (c/.  .«»  eJia.  ''"f  "V  """'.'S"  i'/'  ,'S?"''"*'  '*"'"''• 
SieniB..  Ber.  1001.  34.  4326;    Ephiaim.   .M.    ■»"»'^»«'- ''!>':  «J''!'°.':  .      ,_, 

1801.24.2818;   1892.25,2706;  1893,28,2227;  Another  groop  of  denv.tivc,   mYe8tig.ted 

Henrich,  ibid.  1899,  32,  874|,  wid  to  these  in  "J  ^^  connection  .re  the  qmnohne  .n.logooi 
.n  appreidmatel,  oqn.l  deg,..  |c/.  however.  "'  .pkenaeetm.  Analgen  (8<thoiy-6^ly  ■ 
Koenip  and  Mcngcl.  *«.  1904.  37,  1323).'  ammoqi.oiohnelandbenaanalgen.th.h.nK.yJ. 

ni,  oricnUlhig  eject  of  the  cyclic  nitngen  denv.tivc.  h...  mlipyrelie  md  .ntiAeom.tie 
atom  to  qmnoltoe  re«,mH»  cliely  that  of  P'o.P""!".  ;!"='  "F»  l''"^'/  *•  6-»llox,- 
Ihe  nitio.  greop  in  a-nitronaphthalene.  For  'enntive  hot  their  niiolubility  m  water  and 
eiample.  eaSh  Jirect.  the  NO  or  the  SO.H  "n™rlamty  m  action  render  them  oseless  m 
greop  into  bolh  tho  5- and  the  8- position.  tW,    medicine. 

teing  imo  also  not  only  olqotooli^.  but  ol  it.  ,  Joi.oolme  mlnbits  polrefaction  but  not 
dcriv-alives  BO  lono  M  Btronolv  'nosilive' (so  *lcobohe  lecmenUtion  IJon.th.  Ber.  1881. 
<.Ho"5h,i",T„„"i;Tc|LL.'^T>I0,o';  14.  "601.  Criirin  i.  the  bismuth  compound 
SO.H)  ndicle..  which  Ihemsaves  ejorilK  a  di.  «'  q""?!""  thiMyanate.  lor  which  anti«plle 
recliniT  influenre  are  absent  Irora  tho  molecule  properties  have  heon  eUimed  (Edmger.  D.  B.-P. 
KEr  and  iSllinann^l  p  .  aemf  m™  SIS  "f  V,Sf'  ''t''  '",'", °'  "" 'h";- ,^■''• 
84,  238;  Ueckcraiid  Ecmfry.  Bcr.l005.38.!774).  «!'«  "',.'»»«■  ;*■  "^1,'°',"  ""ta"™™. 
■^  vioform  (ioilo-6-chloro-8-hyaroiyquinoline), 

,,     ^         r,  r,  _  lore  tin  {7-iodo-8-hvdroiyquinoline.5iulphonio 

Uses  of  Ql-.kol.se  Dbrivatites.  .^jj,  ^„j  „^ter  similar  imponnds  havcHUen 

Quinulinc  derivatives,  in  ailditlon  to  their  proposed,  but  have  found  no  permanent  applica- 
tiniitud  use  in  the  manufacture  of   dye-stuffs    tion  in  suracry, 

[i:  Cyanitieii,  p.  481),  have  found  employment  Tho  following  quinophenol  derivatives  aro 

■M  antipyrvtics  and  antiseptics.  Quinolino  and  <lisinf ectantH :  '  Quinoaol,'  prepared  by  hcat- 
6-methoxyquinoIino  are  <lccomposition  products  ing  8-bydroxy quinolino  in  alcoholic  solution 
of  cinchonine  and  quinine  respectively:  in-  with  potassium  pyrosulphate,  and  'oxyqnina- 
vestigatiun  of  the  antipyretic  properties  of  these  septol '  (diaphlherin)  ubtaine<l  by  ncating 
pniiluctx  shoved,  however,  that  the  speciBc  .  8'hydroxyquinoline  with  phenol  and  diluted 
Hctiun  which  renilers  quinine  so  valuable  in  cates  I  sulphuric  aeiil  (Lembachand  Schlejehor,  U.  E--P, 
of  malaria  is  not  possessed  hv  them  (r/.  Stock-  I  73117  of  1892  ;  Eng.  Pats.  7803  of  1891 ;  21908 
maun,  J.  Phvsiol.  I8IM,  h-i.  24Q  ;  Fiihner,  Arch.  '  of  1892). 
i-xp.   Ulh,   iliarm.   1UU6,   5a.   2T)  {    also  that ! 

Il-nu'th"xyqui"c)liiic,  ivliieh  might  he  eipected         SvnTHBSBa  or  Quikoi.ine  Dbhivatives. 
t<..;xc,rlquin..lin.- in  this  respect,  is  the  weaker  I        {i.)   preparation    of    derivaUvrt    eonfci.KiM 
«iit,,.yr.'tic   <.f  ihi-  («<.   (Jaksch,  Poiger   mc<i.  .  radirku  >ub»llluttd  in  ikt '  benunr. '  nucleus. 
Hoch-msLli    INKI,  N.'.  28|.  Sknuip'l  ■yDtlMtb.     Tho  <liiicuvery  that  not 

.M.k.ndrick  «™l  l)..«ar  hnvmg  slu.nni  that  „„i^.  jg  ^„i,„.i,„„  prxHluced  hy  healing  aniline 
'  Sii«T|i(lliiiHy<.tttieiiwth)l.|iiinrjll[iB«toojiHiiitk.n  with  glyeen>l  and  sulphuric  aeid,  but  that  the 
by.|i<rt.ii.  caeidiluc*  not  (..llu«  llils  Hik,  biitdimlnWmi  j-jpy  i„  much  ineteased  by  tho  addition  of  nilro- 
hi  the  iinlt-r  ,1.  ft,  i.  ^  4.  3,  2,  tiin  nirtliyl  group  In  Ihs  V-.n>™,„  i  .i,  -  -  ■'>■ 
,-1-  iHullhrn  lieiPiE  thf  ni<»t  iiul  tbnt  in  the  2-  position  ,I^°  '."  '■" 
U-iuB  the  least  rvactivg  (Mllkc,  Dm.  IdVU,  £3,  aM).     ■  1,  317),  led  b 
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as  an  intermodiato  product  (ef.  equation 
(rf),  p.  472)  »- 

CH.CHO+Bfo-COR  ->  CHMe  :  CHCOR 

C,H,NH,+CHMe :  CH-COK 

"»  ^•^*<NH-CHMe-CH,-CO-R 

(Boyer,  J.  pr.  Ghem.  1885,  [2]  31,  48 ;  32,  127 ; 
1886,  [2]  33,  396). 

A  similar  condensation,  with  the  produc- 
tion of  derivatives  of  auinoline-4-carbozylic 
(cinchonic)  acid,  ensues  when  pyruvic  acid,  an 
aldehyde  and  aniline  are  warmed  together  in 
alcoholic  solution  (B<'>ttinger,  Annalen,  1878, 
191.  321;  Doebner,  ibid,  1887,  242,  270; 
1888,  249,  98;  Pictet  and  Misner,  Ber.  1912,  45, 
1801).  The  course  of  this  reaction  may  be 
represented  thus  (c/.  equation  (c),  p.  472) — 

C,H,NH,-f  RCHO  ->  C-H,N  :  CHR+H,0 
C,H,N :  CHR+CH,-CO-CO,H 

-^  ^•^*<NHCHRCH,  CO-CO,H 

(Simon  and  Mauguin,  Compt.  rend.  1907,  l44, 
1275  ;  Borsche,  Bcr.  1908,  41,  3886). 

Process, — To  prepare  quinoline  derivatives 
bv  Doebner  and  Miller's  method,  aniline  or  the 
substituted  aniline  is  mixed  with  twice  its  weight 
of  fuming  hydrochloric  acid,  and  the  requisite 
quantity  of  aldehyde  added  gradually,  care 
being  taken  to  avoid  rise  of  temperature. 
If  a  /8*hydroxyketone  is  to  bo  used,  the  mixture 
of  ketone  and  aldehyde  required  for  its  pro- 
duction must  be  polymerised  by  means  of 
hydrogen  chloride  before  it  is  added  graduallv 
to  the  mixture  of  aniline  and  hydrochloric  acid. 
After  being  heated  for  many  hours  on  a  water- 
bath,  the  product  is  digested  with  water,  the 
filtrate  rendered  alkahne  by  caustic  soda 
Holution,  the  precipitated  base  freed  from 
secondary  amines  by  treatment  in  acid  solution 
with  nitrite,  and  the  quinoline  derivative 
purified,  either  by  fractional  distillation  or  by 
conversion  into  the  sparing! v  soluble  crystalline 
picrate  (f/.  Harz,  Ber.  1886,  18,  3384 ;  Miller 
and  Kinkclin,  ibid,  1886,  19,  527;  Schultz, 
ibid,  1883,  16,  2600;  1884,  17,  1966;  Actieng. 
fur  Anilinfab..  D.  R.-P.  28217;  Eng.  Pat. 
4207  of  1883;  Beyer,  J.  pr.  Chcm.  1886,  [2] 
33.  401  ;  liecd.  ibid,  1887.  [2]  35.  299 ;  Farbw. 
vorm.  Mciater,  Lucius  &  Bruning.  D.  R.-P. 
35133  of  1885). 

(2)  Beyer's  synthesb.  In  the  Doebner  and 
Miller  reaction  both  hydrogen  and  water  are 
oliminate<l  in  the  condensation.  If  a  j3-diketone 
iM  used  instead  of  the  ;3-hydroxyaldehvde  or 
/3-hy<lroxy ketone,  hjdrogen  ccaMcs  to  be  one 
uf  the  product8,  and  i\\o  yield  of  quinoline 
<lerivative  is  improved.  To  bring  about  the 
condensation,  the  product  obtained  by  heating 
a  mixture  of  uniline  and  the  diketone  in  mole- 

•  'V\\\^  view  of  tlio  rc.'U'tiou  is  supported  by  the  known 
holiaviour  of  0-aniIiiKMahyl  ethyl  Ketone  when  heated 
with  auiliiio  hydrochloride 

( IMuise  and  Muirc,  Bull.  See.  chim.  1008,  [4]  3,  667). 


cular  proportion  is  warmed  for  some  hours  with 
concentrated  Hydrochloric  acid : 

C,H5-NHa+Me-C0CH,-C0CH, 
H 
-^  ^•^*<N :  CMe-CH,-COCH,+H,0 

(Beyer,  Ber.  1887,  20,  1770 ;  Combes,  Compt. 
rend.  1888,  106,  142 ;   1889,  108,  1252). 

(3)  FriedlMnder'8  synthesb.  The  elimination 
of  hydrogen  is  avoided  also  if,  instead  of  aniline 
and  a  diketone,  a  niixture  of  an  o-keto-substituted 
aniline  and  either  an  aldehyde  or  a  ketone  is 
used,  the  condensation  proceeding  with  such 
readiness  that  the  interacting  substances  need 
onlv  be  dissolved  in  water  or  aqueous  alcohol, 
ana  warmed  with  a  few  drops  of  dilute  caustic 
soda  solution.  With  o-aminobenzaldehyde,  the 
reaction  may  be  represented  by  the  equation — 

^•^*<NH?  +  R'CO-CHjR 

->C.H,<^^«>+2H.O 

in  which  R  and  R'  can  be  hydrogen  or  alkyl 
radicles.  As  in  the  Doebner  and  Miller  reaction, 
an  aldol  polymerisation  probably  ensues  as  an 
intermediate  stage  (Friedlaender,  Ber.  1882,  15, 
2574;  Friedlaender  and  Gohring,  ibid,  1883, 
16,  1835 ;  1884,  17,  456). 

From  o-aminoacetophenone  or  o-amino- 
benzophenone  and  methyl  alkyl  ketones,  under 
similar  conditions,  derivatives  of  4-methyl-  or 
4-phenyl-quinoline  can  be  produced  (Geigy  and 
Koenigs,  Ber.  1886,  18,  2406;  0.  Fischer,  ibid, 
1886,  19, 1037). 

Isatic  acid  also  interacts  similarlv  with 
ketones,  their  tVonitroso-  derivatives,  ketonic 
acids  or  aldoximes,  furnishing  derivatives  of 
quinoline-4-carboxylic  (cinchonio)  acid — 

^•^*<NH,™"  +  R-  CO-  CH, 

->  C,H,<§pcR^^'^^>  +  2H,0 

(Pfitzinger.  J.  pr.  CTiem.  1885,  [2]  33.  100; 
1888,  [2]  38.  582 ;  1897,  [2]  56,  283  ;  1902,  [2] 
66,  263  ;   Hflbner,  Ber.  1906,  39.  982). 

(iii.)  Methods  which  give  rise  to  the  produc- 
tion of  hydroxyquinolincs  containing  the  hydroxyl 
radide  in  the  *  pyridine  '  ring. 

The  direct  introduction  of  hydroxyl  into  the 
*  pyridine  *  ring  of  quinoline  has  been  accom- 
plished only  in  a  few  cases,  such  as  the  forma- 
tion of  carbostyril  (2-hydroxy quinoline)  by  the 
action  of  hypochlorous  acid  on  quinoline 
(£inhom  and  Laueh.  Ber.  1886,  19.  53 ;  Erlen- 
meyer  and  Rosenhek,  ibid,  1885,  18.  3295; 
1886,  19,  498).  S>Tithetical  methods,  however, 
have  been  devised  for  the  production  of  2-  and 
4-hydroxyquinolines,  the  most  important  of 
them  being  modifications  of  condensations 
already  described. 

From  ethyl  acetoacetate,  derivatives  of  either 
2-hydroxy  quinoline  or  4-hydroxyquinoline  can 
be  obtained  by  condensation  with  aniline, 
according  as  the  anilide  or  the  /S-phonylaniino- 
crotonate  forms  the  intcrnu'diato  i)ro<luct. 

(1)  Knorr*S  synthesb.     The  anilide,  formed 

when    a    mixture    of    ethyl    acetoacetate    and 

aniUne   in    molecular  proportion   is   heated   at 

i  120°-150°    under    pressure    for    many    hours^ 
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thcv  form  quaternary  ammonium  compounds  of  the  SO3H  group,  on  bromination  in  aqueous 

with  methyl  iodide.  solution. 

AMraOgUIKOLIKKS.  HyBBOXYQUiyOUKKS. 

reduction  of  the  oTnesponding  nitro-  derivative  "  *^»     '^♦Ttik.T^- HhI^    „,1tJ^™^^  ~™" 

with  tin  and  hydrochloric  acid,  or,  Uke  those  ^'""*'°"  „'"*•'  »"j>'.  ''^i^!^! J^^*"™"'^   """ 

.,»^r.f  ..:«:»„  u  i„  *i,-  •  „..^j:««  >  Js-^  K,,  !.>.»:«_  monium  compounds  are  obtained. 

containmg  it  in  the    pyridine    ring,  by  heatmg         ^  ^  anl4-hydroiyquinolinc8  are  produced 

l^onS'rc^Wori§e'^'~^'^""°'"''  *^''  *""■  fther   by  syntherical'Tethods   (v,  p^73)  or 

2cS;1otSiS""^ti''  a^mt^nt^m'^cart^lSI  ^^'^^^^  '^^^A  m^^^y^^^bi^ 

Ld"  arrn^a"":*  2^?^^  (STd'schatr^  *f  ^Xiffe^l't'^.TorrxlSf 

«..  mi<>.*»   1QQ7  roT  KA  oA«\  «.,^  «.».».  r>  »»»;,> rx  ^^  Ketonio  denvativcs,  formmg,  for  example, 

pr.  Chem.  1897.  [2]  66,  206).  and  from  o-ammo-  .  .        ,  pthpn*— 

cinnamonitrileNH,C,H.-CH:CHCN,byinter.  ^^o  senes  of  ethers— 

action    with   sodium   ethoxide   (Pschorr,    Bcr.        c  Tf  <^CH:CH— >.         p  tt  ^CH  :  CHv. 
1898,  31,  1289).     4.Aminoquinoline  can  be  vre         ^•"^'-N  :  C(OEt)>        ^'^^^^NEt :  CH^ 

pared  from  cinchonamido  by  Hofmann's  method  are  less  basic  than  the  quinophenols  ;   and  are 

(Wenzol,   Monatsh.   1894,   15,  467).     3- Amino-  not  reduced  by  tin  and  hydrochloric  acid,  but, 

quinoline  has  not  been  described.  in     boiling    alcoholic    solution    with    sodium. 

The   aminoquinolines   are   crystalluie   com-  eliminate  the   OH   group  forming  tetrahydro- 

{X)unds,  which  act  usually  as  mono-  acid  bases,  quinoline. 

give  quaternary  ammonium   compounds    with  The  isomeric  quinophenols  can  be  prepared 

alkyl  iodides,  and  are  diazotisable,  resembling  from     aminophenols     by     Skraup's     reaction  ; 

in  this  respect  primary  aromatic  amines.  from  aminoquinolines  by  the  diazo-  reaction  ; 

or  from  quinolinesulphonic  acids  by  fusion  with 

QuiNOLTNESULFHONic  AciBS.  caustio  alkali.    They  resemble  the  phenols  or 

^        ,  ,        ,.         .  ,  ,      ,  ,      .  naphthols  in  properties,  give  only  one  series  of 

.i^:''4S?"noi''o"''''^.^^i^"'''^"^'?J^J''^P^^^^  ethers  on   aljTylation,   yield  nitro-  derivatives 

acid  at  220  -230°,  qumohno  yields  the  S-sul-  ^nd  sulphonic  acids,  and  furnish  sUble  salte 

phonic  acid,  but  after  many  hours  at  276''-280%  ^^h  acids  or  alkalis.    The  6-  and  S-hydroxy- 

^,00-,    o^"Ji^°"iL*^*^   /^^*^^i»'    T°5*r-  quinolines,  monx)ver,  give  nitroso-  derivatives 

1887.  8»  677»  639;    Bwl.  Anihn-  &  &)da-Fab.,  ^^^j^  nitrous  acid,  and  couple  with  diazotised 

1).  R..P.  40901  of  1887),  both  the  6-  and  the  bases  forming  azo-  dyes. 

8-sulphonic  acids  being  converted  into  the  6-  (j  )  2.Hyfioxyquinollne   (CarhostyrU)  is   ob- 

acid  under  these  conditions  (tdtrf. ;    LeUmann  Gained  when  ethyl  o-nitrocinnamate  is  reduced 

and  Reusch,  Bor.  1889,  22,  1391).  with  alcohoUc  ammonium  sulphide  (Friedlaender 

The  6-  and  8-  acids  are  obtamed,  but  m  ^nd  Ostcrmaier,  Ber.  1881,  14,  1916);   when  o- 

proportions  which  depend  on  the  temperature  ammocinnamic  acid  is  boiled  for  some  hours 

and  concentration  of  the  acid,  when  quinohne  ...jth  hydrochloric  acid  (Tiemann  and  Opper- 

isheated  with  anhydrosulphunc  acid  at  120°-  nj^nn,  ibid,  1880.  13,  2070),  or  60  p.c.  sulphuric 

200  ;   the  8-  acid  predommates  at  lower,  and  ^cid  (Feer  and  Koenigs,  ibid.  1886,  18,  2396); 

the  5-  acid  at  higher  tempemtures  (BetlaU  and  ^.j^en  2.chloroquinoUne  is  heated  with  water  at 

O.  lischer,  Ikr.  1882,  15,  683.  1079 ;»   Riemer-  1200  (Friedlaender  and  Ostermaier,  ibid.  1882, 

sthmied,   ibid.    1883,    16,    721;   La  Costo  and  15,335)  or  when  quinohne  is  left  in  contact  with 

\alcur,    ibid.     1887.    20,    95).     Accordmg    to  bleaching-powder  solution  containing  boric  acid 

Uaus,   a   third   acid,   the   7.Hulphonic   acid    is  for  some  days  (Erlenmeyer  and  Rosenhek,  »&kf. 

also  present  in  the  product  at  125°-130°,  but  1535^  ig^  3295 .  Einhom  and  Lauch,  ibid.  1886, 


of  two  disulphonic  acids  is  produced  (La  (^ste  ^u7ti^"8^a"'Tcimpe7  Awh.  Pharii7  1899,  237, 

'^f  i»«i    '"'"'         '                                       *  ^^)-     ^^^  occurrence  in  a  subUmato  coUected 

,,  *•  ,                            i.   1     -       . ,    r,»          »  from  a  furnace  used  for  the  ignition  of  sugar 

tor  the  preparation  of  the  5- acid,  Skraup  s  liq^ors   has    been   noted    by   Lippmann    (Bit. 

method  can  tx)  used  (U^llmann  and  Lange,  Ber.  iqq^  38  3829). 

1887.  2<).' 1446).  and.  by  comparison  o|  this  acid  Projirties.— It    crvsUlhses    in    prisms,    or, 

with  the  6- acid  obtained  by  sulphonation  under  f^m  dilute  aqueous  Solution  with  Imol.  H,0 

different   conditions.   I^llmann  has  drawn  the  j^  needles,   m.p.   199°-200%  is  only  sparingly 

wmqlusion  that  the  latter  exiBts  m  two  forms  soluble  in  cold  water,  and  insoluble  in  ammonia, 

(i6irf.21/2;  c/Jakubowski,  i6i^.  1910,  43, 3026).  tut  dissolves  in   hydrochloric  acid  or  caustic 

1  he  qumohnesulphonic  acids  are  crvMtalhne,  alkali  solution.     In   many  of  its  reactions,  it 

and  can  Ix*  separated  fn)m  mixtures  bv  fractional  ^as  the  proix^rties  of  a  phenol,  in  others  those  of 

crystallisation  of  the  calcium  sait«.     They  yield  a  ketone  (r/.  llartlev  and  l>obbie,  Cliem.  Soc. 

hydroxyqumolmes     by     fusion     with     caustic  j^^^   jgg,,^  --   ^.^^.j,   ^,^^,  corresponding  ethers 

alkali;  nitriles   by  distillation   with   iH>UsHium  art»  kno\Mi.  the  V-imthyl  tthcr,   b.p.  246*^-247'' 

cyanide;  and  di- or  tn-bromoqumolines,  with  loss  (Prie<Uaender   and    WeinUTg,    Ber.    1882.    16, 
•  The'mcta*.  nchl  described  in  these  communica-  '  ^^2),    and    ihv^  ^-methyl    rthf^    (l.inethyl.2. 
tions  l»  the  3-  not  the  7-  udd.                                       •  qumolone),  m.p.  74^  b.p.  324°  (l?ncdiacuder  ana 
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alkali,  it  a  resolved  into  ^inoUine  and  phlKidic  and  tho  fraction,   b.p.  236''-243°.   reconverted 

acid.  into    »oid   sulphate,  is   repeatedly   oryatalliBed 

(2)  Wtten   heated   with   alcoholic  ammonia  from   twioa  its   weight  of  68  p.c.  alcohol  until 

at   200°  for  40  hours  it   is  converted  into   a-  tho  m.p.    riaea    to    206°    (HougoncrS   and    van 

guinopJUAoJtn,  a  basio  yeQow  colouiing  matter  Dorp,   Rec.   trav.   chim.    1H86,   4.     126.    285; 

(Farbw.    vorm.    Meiater,    Luoiua     t   Brtlniiig,  1880,  5.  306;  c/.  De war,  Roy.  Soc.  Proc.  1880, 

D.   R.-P,  27785  ot   1883),  forming   gamet-rod  30,  187). 

leaflets,  m.p.  30B°  (Eibner  and  Hofmann,  Ber.  SynJiitMi. — The    methods   devised    for   the 

1904,  37,  3021),  isomerio  with  p-quinopMhotin,  synthesis  of  iwxjuinoline  and  its  derivatives  are 

pale  yellow  prisms,  '         --  — i-- 


(a)  c.H4<; 


-CO- 

•C{NH)- 


:>CH  ■C.H.N 


m.p.  213°,  obtained  hy  adding  phthaUmida  \ 
mixture   of   quinaldine   and    zmc   chloride 
leOMBO"  (Eibner  and  Lange,  I.e. 
Uofmann,  I.e.). 


(3)  It   dissolves   in   sidphu 
■ul[^natcd  by  anhydrosulphi 
oold,  forming  qillDOlln«-yeUow,  which 
a    miiture    of    quinophthalonemono-   ana   oi- 
Butpbonio  acids ;  the  sodium  salt,  obtained  from 
this  product,  is  a  soluble  yellow  powder,  which 
dyes  wool  a  fast  greeniah-yellow  in  an  acid  bath. 

MoQulnophtbUOOe       {vaayta-ipunophth(dont,  (■£)  i 

2-<iiiinaidyknt-'pMfudiiU  ;   Formula  II),  formed    boating 
when    the  quinophthalone  reaction  (p.  4S2)  '-^    (Le  Bla 


less  Reneral  in  Uieir  scope  than  those  employed 
in  the  quinoline  series.  The  following  are 
perhaps  the  moat  important  of  these  methods, 
as  they  serve  both  to  throw  light  on  tho  con- 
stitution of  UDqninoline,  and  to  illustrate  the 
coimeotLon  between  this  base  and  the  alkaloids. 
(1)  The  first  synthesis  of  Moquinoline  was 
eHected  by  heating  homophthalimido  with 
phosphorus  pentachJoride,  the  dichloroiM- 
quinoline  thus  formed  being  then  reduced  by 


.,     L  ,    .      qumomie  tnus  lormeo   ooini 
0   M^'  ^   the    Mriodio  acid  and  phosphor 


•;'> 


c.H.<™;™> 


carried  out  at  a  temperati 

crystallises  in  orange-yeUo'    ,_  .      ... 

dissolvca  only  sparingly  in  al^hol  but  easily 

chloroform,  and  when  heated  at  240°-2e0°, 

with  benialdehyde,  or  with  sodium 

converted   into    quiJiophi>udimt.     Oi 

with  alcoholic  ammonia  at   100°,  it  fnmishee 

quinaldint  and  phihaiamidt, ;  and  with  anhydro- 

sulphurio   acid   at    100°,   it   forms    quinoline- 

yellow  (Eibner  and  Merkel,  Ber.  1902,  36,  2297 ; 

c{.  1904,  37,  300S). 

Homolofpios    of    both    «ym-    and    tuuym- 


(Gabriel,  Ber.  1886,  19.  1856.  2361). 

'~'  *  iQuinoline  has  been  obtained  by 
with  zinc  dust,  homophthalimido 
I,  Ber.   1888.21.  2299);  i«ocarbostyril 


(Bamberger  and  Kitschelt,  Aid.  1892,  26,  1 147) ; 
or  i»ocarbo«tyrilcarboxylie  acid  (Zincke,  itirf. 
1497  ;  Parbw.  vorm.  Meister.  Lucius  k  Briining, 
D.  R.-P.  65947  ot  1892) 

-*C.H,<™-.*^'l>+ZnO. 

ijc<!!arbostyril  and  ccrtai 
can    be   synthesiseil    (com 
at-    Buu    ■•»<,  Of    ticrivBtives    by    condensatii 
quii^phHo™  h^ve  b^^  pre'^red^lndTh;^    methylamino    or   aniline    i 


n  of  its  derivatives 


_.  _    inumsity,  fa.stneBa  to  light,  covering 

power,  and  insolubiUtj  in  alcohol  with  increase 
in  molooular  weight  (Eibner  and  Hofroann,  Ber. 
1904,  37,  3017 ;  Eibner,  D.  R.-P.  1S8761  of 
1903). 

By  tho  substitution  of  fi-thiophthahc  aoid  for 
phtbalio    anhydride     in    these    condensations, 


I  alcoholic  soli 
f,  ij  ^(jH  :  CR- 


>  +  NH, 


5>  +  H,0 


n<l  Kitschelt,  I.e.  ;  Zincke,  I.e.  ; 
ithaho  anhydride  m  th««  oondenwtwns.  B»„berger  and  Frew.  Ber.  1894,  27,  198) ;  or 
™mpoundsaroobtainodwhichdyounmordanted  ^j^  »  ^^  obtained  from  diacvl  derivatives 
cotton  m  yellow  shades,  and  on  ocdat.on  hy  ^j  /.cyanobenivl  cyanide  (homophthalimide)  by 
thea,totw.thd.chromaWgivove>yfMtcolou,|  „„^'i„  ^^ese"  „ith  alkalis  and  boiling  the 
(besellsch.  chem.  Ind.  Basel,  U.  R.-P.  189943  (esultingcyano.*ocarbostyri]fl  with  sulphuric  acid 
of  1906;  Eng.  Pat.  4159  o  1907).  The  eon-  ^Tiel^nd  Neumann,  V-r.  1892.  26.  3503; 
uensation  pnduet  from  o-ohlotoqumaldine  and     v.,(,jj.     yy  .      _       . 

phthalic  anhydride  on  sulphonation  furnishes  a    p    j^'p    g 
■  h-yellow  dye  for  silk  or  wool  (Farbenfab.    27   2322) 
^    «.  ..   „       „    K.p    ■Huonn  r.t        "(3)  It  iflturmed  by  dissolving  beniyUmino- 

aoeUldehvde  in  anhydrosulphuric  acid  (E. 
Fischer.  Ber.  1893.  26.  764),  or  by  heating 
benzylideneaminoacetal  with  sulphuric  acid  at 
ISO'-nO"  (Pomeronz.  Monatah.  1893,  14.  118; 
Farbw.  vorm.  Meister.  Lucius  &  Briining, 
D.  R.-P.  80044  of  1891). 

CtH»<(;H,  ■  NH  ■  CH,  ■  CHO 


iwQulnallne.    This   base  is  a 

CH  CH        of   coal-tar  quinoline,   and  can 

bo  iaolat^.'d  from  this  source  by 

taking   advantage   o(   the   fact 

that     the    acid     sulphates    of 

quinuline    and    quinaldine    are 

•^/  \yf        more  soluble  in  alcohol  than  the 

CH  CH         imHiuinolino  salt.     Tho  cryatal- 

line  sulphate,  which  si-paratca  from  an  alcoholic 

solution    of    I  he    aeid    sulphates 

quinoline.    is    dooomposed    by  cau 


HC     C     N 


-*C.H,<i;;5'N^-f^H,-HH,0 


Derivatives  ot  isoquinoline  f 

iminoacetftl  in  sulp 
cel^jpbcnunc   (Ponu 


0  obtained  by 
iric  aeUI  solu- 
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nitroso-  derivative,  needles,  m.p.  53°,  an  ticetyl 
derivative,  m.p.  46°,  and  in  its  properties  shows 
much  lesemblAnce  to  benzylamine  (Bamberger 
and  Dieckmann,  Ic. ).  The  hydrochloride,  B-HCl, 
forms  prisms,  m.p.  196°-197° ;  the  platini- 
chloride,  B,-H,Pta„  nrisms,  m.p.  231°-232° ; 
and  the  picraU,  needles,  m.p.  196°.  For  the 
2-alkyl  derivatives,  cf,  Wedekind  and  Oechslen, 
Ber.  1901,  34,  2986. 

Only  one  colouring  matter  has  been  obtained 
from  t^uinoline,  namely — 

i«oQumoline-red,  C„H„N,a.   This  dye  was 

A  "  ■ 


A//^VV 


N 


i 


aach/iv 


vv 


C.H, 


obtained  ori^allv  by  heating 
benzotrichlonde,  benzochlorodi- 
bromide,  or  benzylidene  chloride 
with  a  mixture  of  coal-tar 
quinoline  and  zinc  chloride 
(Jacobsen,  D.  R.-P.  19306; 
23967  ;  Eng.  Pat.  814  of  1882) ; 
and  is  formed  by  the  interaction 
of  benzotrichloride,  woquino- 
line,  and  quinaldine  in  mol.  prop.,  either  at 
160°,  or  more  rapidly  in  the  presence  of  zinc 
chloride  at  120°  (Hofmann,  Ber.  1887,  20,  9). 
The  quinaldine  cannot  be  replaced  by  lepidine 
(Vongerichtenand  Homann,  Ber.  1912, 46, 3447). 
Preparation. — A  yield  of  26-30  p.c.  of  the 
dye  is  obtained,  if  lienzotrichloride  (38  pts.)  is 
added  slowly  to  a  mixture  of  i«oquinoline 
(26  pts.),  quinaldine  (26  pts.),  and  zinc  chloride 
(12*6  pts.)  at  100°,  and  the  temperature  after- 
wards raised  to  160°.  Much  hydrogen  chloride 
escapes,  and  the  reaction  needs  watching  lest  it 
become  violent.  From  the  extract  of  the 
product  with  10  p.c.  milk  of  lime,  the  unchanged 
iMkses  are  removed  by  steam,  the  filtrate  being 
then  acidified  with  hydrochloric  acid  to  separate 
the  dyestufif  (Vongerichten  and  Homann,  l.c, 
3449;  cf.  Actieng.  fur  Anilinfab.,  D.  R.-P. 
40420  of  1886). 

Properties. — i>oQuinoline-red  forms  dark  red, 
bronze-lustred,  monoclinic  prisms,  which  dissolve 
only  sparingly  in  cold  water,  but  readily  in  hot 
water  or  alcohol ;  these  solutions  are  carmine- 
red  by  transmitted  light,  and  in  reflected  light 
show  a  marked  yellowish-red  fluorescence. 
When  heated  with  hydrochloric  acid  or  with 
alcoholic  ammonium  sulphide  at  200°  it  yields 
benzaldehyde  or  henzylmercaptan  respectively, 
and  a  base  CigHiiNj,  which  crystallises  in  plates 
of  golden  lustrt*,  m.p.  231°  (Hofmann,  l.c.  ; 
cf.  Vongerichten  and  Homann,  I.e.).  By  oxida- 
tion with  potassium  dichromate  and  sulphuric 
acid,  it  fumLshes  benzaldehyde  and  2-quinolyl' 
l-iaoquinolyl  ketone  (Vongerichten  and  Krantz, 
Ber.  1910,  43,  129  ;  Vongerichten  and  Homann, 
I.e.).  As  a  dye-stuff  it  is  valueless,  the  rose-rod 
shades  on  8ilk  or  wool  not  being  fast  to  light ; 
but,  mixed  with  cyanine,  it  has  been  used  in 
the  preparation  of  orthochromatic  (*  azaline  *) 
plates  for  photographic  pur|X)ses  (Vopel.  D.  R.-P. 
39779  of  1886).  W.  P.  W. 

QUINOLINE  DYES  v.  Quinoline. 
QUINOLINIG  ACID  r.  Bone  oil. 
QUINONE  DIAZIDES  [cyclic  diazo-oxides)  v. 
DiAZo  compounds. 

QUINONES  are  substances  derived  from 
aromatic  hydrocarbons  by  replacement  of  two 
hydrogen  by  two  oxyjjen  atoms.  The  earliest 
known  member  of  the  Hcries,  7)rtrobenzoquinone 
(or  simply  quinone)  was  obtained  by  the 
oxidatiim     of     various    substituted     benzenes 


(Woskresensky,  Annalen,  1838, 27, 268  ;  W.ihler, 
ibid.  1844,  51,  152) ;  since  it  yields  hexachloro- 
benzene  when  treated  with  phosphorus  penta- 
ohloride,  is  easily  reduced  to  p-dihydroxybenzene 
(quinol),  and  may  be  obtained  from  the  latter  by 
oxidifdng  agents,  the  formula  of  a  p-phenylene 
peroxide  was  assigned  to  it  (Graebe,  ibid.  1868, 
146,  1).  The  relationship  between  quinone  and 
quinol  can  then  be  represented  by — 


O— 

I 

V 
I 


+2H 


OH 

I 

II       I 


At  a  later  date  it  was  found  that  whilst 
benzene  was  reduced  by  free  hydroxylamine, 
the  hydrochloride  gave  an  oxime  which  proved 
to  be  identical  with  p-nitrosophenol  (Gold- 
Schmidt,  Ber.  1884,  17,  805).  The  monoxime 
gave  in  turn  a  dioxime,  these  reactions  pointing 
to  the  following  respective  formule  for  quinone, 
its  mono-  and  its  di-  oximes. 

O  O  NOH 


II      II 


II      II 


II      II 


O  NOH  NOH 

The  constitution  of  quinone-oxime  itsoH 
cannot  be  taken  as  absolutely  settled ;  accord- 
ing to  C.  H.  Sluiter  (Rec.  trav.  chim.  1906,  25> 
8),  the  free  substance  is  j><nitro8ophenol  whilst 
the  salts  are  derived  from  the  quinone-oxime. 

OH  O 

/\  /\ 

V  V 

NO  NOK 

Additional  support  for  the  diketonic  formula 
is  afforded  by  the  production  of  trichloroacetyl- 
acrylic  acid  when  chlorous  acid  acts  on  benzene, 
quinone,  &c.  (Kekul6  and  Strecker,  Annalen, 
1884,  223,  170)— 

CO  CO 

SnI      7^*+2HaOa=g^        ^^^»+CO,-hH,0 


nCl     /CH 


HC 


CO 


^COOH 


and  by  the  production  of  bromanil  (tetrabromo- 
quinone)  from  bromine  and  cyclo-hexane-1  : 4- 
dione 

CO  CO 

H.C^^CH,  ,  ^^^  -Br^^'^VBr  ,  ™^^ 
h|c^  /.CH,+^^''*-BrC^^CBr+^™^ 

CO  CO 

Ortho -qui nones,  e.g. 

O  O 


:0 


/^/'\o 


were  di8Covere<l  at  a  later  date ;  m^taquinones 
have  not  so  far  been  obtained  (R.  Meyer  and 
Desamari,  Ber.  1908,  41,  2437;  Zincke  and 
Schwabe,  ibid.  1909,  42,  797).  it  is  doubtful 
whether  they  are  capable  of  existence. 

Within  the  last  Ivw  ^«Kt^  ^  \sslTs^^^«t   ^ 
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Discovered  by  Rio  de  la  Loza  in  the  Mexican 
drug  BaU  del  Pipiizahuac  or  Radix  Pereziae  ; 
m.p.  104".  Yields  anilino-  and  hydroxy-  de- 
rivatives  (Weld,  i\nnalen,  1856,  95,  188;  An- 
schtitz,  Ber.  1885,  18,  709;  Annalen,  1887,  237, 
90;  Fichtcr,  Jctzcr  and  Leepin,  ibid,  1913, 
395,  15). 

Pheny]-^-benzoqiiinone  CeH3(CeH5)02  is  ob- 
tained by  oxidation  of  6-amino-2-hydroxy- 
diphenyl  with  chromic  acid  mixture  (Borsche, 
Ber.  1899,  32,  2937  ;  Annalen,  1900,  312,  220 ; 
Hill  and  Hale,  Ber.  1900,  33,  1242) ;  m.p.  112**- 
113®.  Several  derivatives  are  known;  «ee  also 
Jackson  and  Koch  (Amer.  Chcm.  J.  1901,  26, 
23).  Phenylbenzoquinone  is  isomeric  with 
diphenoquinone  O  :  C^H^  :  Cfi^ :  O  {vide  infra). 

1 : 3-DipheDyl-2 :5-beiizoquinone 

CeH,(C,H5)202, 

m.p.  137*»-138*»  (Borsche,  Ber.  1899,  32,  2938: 
Annalen.  1900,  312.  230);  m.p.  136*'-136° 
(corr.)  (Hill,  Amer.  Chem.  J.  1900,  24,  8;  Hill 
and  Soch,  Ber.  1900,  33.  1241).  The  monoxime 
and  its  benzoyl  derivative  have  been  prepared, 
A^hilst4-am7t/io-l  :  3-diphenylbenzo-2 : 5-quinone 
m.p.  167®,  is  formed  when  the  quinone  is 
boiled  Mith  aniline. 

1 :  4-Diphenyl-2 : 5-benzoquinone 
C«Hj(C,H5)202, 

m.p.  214®.  By  alkaline  condensation  of  methyl- 
phenyldiketone.  Orange  yellow  leaflets  (Muller 
and  von  Pechmann,  Ber.  1889,  22.  2131). 
Diphenyldihydroxy-p-benzoquinone  and  Di- 
benzyldihydroxy-j)-benzoquinone  (Fichter,  An- 
nalen, 1908,  361,  363). 

1 :  4-Dibenzhydry!-2  :  5-beiizoquinone 

C.H2[CH(C,H,)2l,02. 

By  condensation  of  bcnzoquinone  \*ith  bcnz- 
hvdrol.  m.p.  250®  (indcf.)  (Mohlau,  Ber.  1898, 
31.  2351  :  Mohlau  and  Klopfer,  ibid,  1899,  32, 
2147).     The  octameihyltetraamino-  derivative 

C,H2[CH{C,H,.N(CH3),}2], 
is    obtained    by    warming    bcnzoquinone    with 
Michler's  hvdrul  for  6  hours  in  alcoholic  solution ; 
ra.]>.  245®. ' 

Other  substitutetl  benzoquinones  are  ob- 
tained by  the  action  of  substances  of  the  indole 
series  on  quinone.  Thus  a-methylindole  reacts 
as  follows  : 


O 


O 


2CCH4O,  + 


\        CH 


/ 


C-CH, 


/\ 


NH 


C% 


./ 


O 


/ 


'CCH 


\y 


NH  0 


1+  C,H,(OH). 


c.n.  a-methylindyl-Y^'brnzoquinonf,  m.p.  186®. 
y-tnHhyl  -  a  -  methyl indyl  -  p  -  benzoquinone,  m.p. 
1(K)°;  a'phenylindyl-p-benzoguinone,  m.p.  205®, 
and  other  substances.  Tetrahydroquinoline  also 
H'acts,  giving  CgHjCC^HioN^jOj.  m.p.  189® 
(Mohlau  and  Redlich,  Ber.  1911,  44,  3605). 

QciNoxES   r„H2„   j|0^. 

Naphthaqulnones.    Six  naphthaqiiinones  are 
IX)8sible 


/^.-.O       /V\:0 


11 


V/ 


I        1 


/ 


:0 


O 


O 
O 


/\/\. 


0: 


:0  0: 


x/x/- 


o 


The  1:2-,  1 :  4-,  and  2  :  O-quinones  have 
been  prepared.  The  first  two  have  been  known 
for  a  long  period,  the  2  :  6-quinone  was  obtained 
by  Willstatter  and  Pamas  (Ber.  1907,  40,  1406, 
3971).    See  article  on  Nafhthalenb. 

QuiNONES  C„H2„_ie02. 

Phenylquinone  C,H3(C,H5)02  is  dealt  with 
earlier  in  this  article. 

QuiNONES  C„H2„_ir02. 

Acenaphthenequinone  CuHfOs,  or 
CO-CO 


m.p.  262®-263* 


This  compound  is  not  strictly  a  quinone,  the 
two  car  bony  1  groups  being  situated  in  a  5-mem- 
bered  ring.  It  has  been  prepared  by  oxidation 
of  acenaphthene  CnH^o  ^^^  chromic  acid 
mixture,  &c. ;  the  yields  are  not,  however,  good 
(Graebe,  Ber.  1887,  20,  669;  Graebe  and 
Gfeller,  ibid.  1892,  25,  654;  Annalen,  1893, 
276,  1).  Better  results  have  been  obtained  by 
hydrolysine  the  monooxime  obtained  by  the 
action  of  alkyl  nitrites  on  acenaphthene. 

When  four  molecular  proportions  of  amyl 
nitrite  are  added  to  a  boiling  solution  of  acenaph- 
thene whilst  a  stream  of  hydrogen  chloride  is 
passed  in,  two  isomeric  acenaphthenequinone - 
oximes  Ci2H,(:N0H)0  are  produced.  These 
may  be  separated  by  diflFerence  of  acidity,  one 
being  insoluble  in  hot  sodium  carbonate  solu- 
tion. When  this  is  rapidly  crystallised  from 
glacial  acetic  acid,  small  pale  yellow  cr^^stals 
which  decompose  at  207®  are  obtained.  If  the 
boiling  with  acetic  acid  be  continued  some  time, 
water  precipitates  the  oxime  of  m.p.  230®,  which 
can  be  obtained  from  acenaphthenequinone  and 
hydroxvlamine  (Francesconi  and  PirasLzoli, 
Gazz.  chim.  iUl.  1903,  33,  i.  42). 

To  prepare  acenaphthene  quinone,  the  oxime 
of  higher  m.p.  is  dissolved  in  7  times  its  weight 
of  76  p.c.  sulphuric  acid  and  heated  for  1  hour 
on  the  water- bath.  Water  is  added,  the 
i  quinone  filtered  off,  digested  for  some  time  with 
warm  dilute  caustic  soda  and  recrystallised  from 
i  glacial  acetic  acid  (Kalle  and  (.V>.,  J).  R.  P. 
228698,  1909;  Reissert,  Ber.  1911,  44,  1749). 
For  the  oxime,  m.p.  220®  is  given. 

Acenaphthene  quinone  yields  a  compound 
Ci2H,(C,H5),0  (diphenylacenaphthenone)  with 
benzene  and  aluminium  chloride  (Zsuffa,  Ber. 
1910,  43.  2915);  on  reduction  compounds  of 
m.p.  248®  and  254®  are  produced  CKA\.Ui^^^5k<0^.> 


o/^A 


I  &nd  A-naphthoio  mida  (anthnquinone  when 
fnted  iritn  potuh  givea  two  moleonlei  of 
benzoio  ftcid  (Graebo  and  Liebennaim,  ADnsIsn, 
I  1871,  160,  1S9),  which  pointa  to  the  formula 
I  given  above  for  nauhthaceocquinone.  The 
I  Moethyleaediphlbaliae  '  was  found  to  contain 
I  two  hydroxy  1  gioapa.  It  can  be  formulated  as 
I  a  dihjdrozynaphthacene  qninone,  and  its  pto- 
duotion  from  ethyleoe  dipnthalide  explained  in 
the  following  manner. 
C     -CH     CO 

'l        I    \o       o/    I        |+Na,0+N»OH 
l^\6,      J..  V^^ 


CO     CH: 


ONa 


napniiiaoeae<|uiiiaDe  ^^taaj^i-'g,  la  a  pnia- 
quinonu  showing  considerablo  analogy  to  aotbl*- 
quinone ;  it  ia  deiivftd  from  a  parent  hydro 
carbon  naphthaccnc  C,,Hi,.  The  conatitutionn 
formula  of  these  tivo  compounds  and  the  mettuM 
of  numbering  the  positions  in  the  naphthacene 
quinone  molecule  are  shown  below. 
CO 

(XXX)  coco 

CO 

Ksptithscanc.  Nsphthaceiuiqiilnoiie. 

Gabriel  and  Michael  mdted  a  miztore  o! 
phtbaljo   anbydriile,   succinic   acid   and   fuset 
■odium  arctate  and  oLiaincd  ethylene  (di)phtha 
lido  (Ber.  1S77,  10,  15S8) 
t^O      CH,-CO,H 

^•■••<^''+6h,«):h 

C=CH-CH  =  C 
=2CO,+2H,0+C,H,<>0         0<>C.H, 


naphthacenequinone    derivatives 
duced  by  Deichler  and  Weizc 
36,     547)     who     condensed     i 
phthalio  acid  in  presence  of   < 
phurio  acid. 


,COOH 


OH 


CO 


CO 


RoBcr  examined  tho  reaction  and  found  that 
an  Mo-ethylcnc  diphthaliJo  was  farmed  at  the 
■ame  time  in  FmsU  quantity  (Ber.  IS84,  17, 
-  2774).  Gabriel  and  Leupold  improved  the 
method  fur  obtsining  tho  ethylene  pbtbatide 
{ibid.  1806,  ni.  llfll)  and  also  examined  tbc 
action  of  sodium  mcthoxide  on  ethylene  di- 
phthatido  which  had  been  previously  studied  by 
F.  Nathanson  (iftirf.  1893, 28,  2682).  Nnthanson 
6U«)ended  ethylene  phthalidc  in  methyl  alcohol, 
addetl  sodium  metboxide,  ovaporalcd  off  the 
methyl  alcohol,  added  hot  water,  separated 
from  undiiisolvcd  mattter  and  precipitated  the 
filtrate  with  hydrochloric  acid.  The  substance 
so  obtained  gave  results  an  analysis  agreeing 
with  the  expected  iii-dikcUihydrindcne, 


CO 


CO 


(''.Hi<>CHCH<>C,H,. 


.  1272)  and  found  that  .. 
oontnined  two  hydroxyl  groups.  On  distillation 
with  line  dust,  hydrocarbons  C,.H,,and  C„H[, 
wero  obuined.  The  latter  evidently  conlaina 
twoCH,-groups,  since  on  oxidation  »ith  chromic 
acid,  a  quinone  C,.H,,0.  ia  produwd.  This  i 
quinone  when  fused  with  potash  gives  bcnzgle  ' 


NaphtbMaii«quinoneCi,H,DO,.  Byoxidising 
G  grms.  of  dihydronapbthacene  in  .160  c.o.  of 
glacial  acetic  acid  with  9  grma.  of  chromic  acid 
d:ssolve<1  in  0  o.c.  of  water  and  90  c.c.  of  glacial 
scetio  acid.  Long  yellow  needles,  m.p.  294" 
[Gabriel  and  Leupold,  Ber.  I8B8,  31,  1277). 

1  -  ChlorouphlhBiieiieqiilnaDfl  C,,H,C10,. 
From  hydroxynaphtbaceno  quinone  and  phos- 
phorus pentachloridc,  m.p.  254°  (Orcbanlson 
ind  Weizmann,  Chem.  Soc.  Trana.  190t!,  89, 
118). 

I :  e-DlchloronaphthAMneqnliiDiifl 
C„H,C1,0,. 
l<>om  dihydroxynaphthaceoe  quinone  and  phoH- 
jhorus  pentachloridc,  m.p,  25B''-200°  (Gal>rii-1 
ind  Leupold,  Ber.  1898,  31,  1282). 

Bromo  - 1  -chlorouphtbMenwiulDODe 
CH.ClBrO,. 
o.p.  180"  (Orchardson  and  Weizmann,  Chem, 
^oc.  Trans,  1906,  69,  119). 

NltrDiuphthMeiieqalnoiieC„H,(NO,)0,.  By 
litration  of  naphlbaeene  quinone,  m.p.  315° 
Gabriel  and  Leupold,  I.e.  1278). 

DlnllroMphlhftcencqulnone  C,.H,(X0,),0;. 
iVom  dihvdronaphtbaceno  and  nilric  acid,  m.p. 
40'  (ibid.). 

1 .  Hy  droiyiiapbtb»e«n«qulnone 
C„H,{0H)0,, 
Prepared   by   intimately   mixing  00   g^oia.  >A 


QUINONES. 


500 


1:4: 5-Trihydroxyiiaphthacenequinone  ? 

C,8H,(0H),0, 

does  not  melt  below  360®.    The  solutions  in 
cold  sodium  carbonate  and  concentrated  sul- 

{)huric  acid  are  cornflower- blue  in  colour  (Bent- 
ey,  Friedl  and  Weizmann,  ibid,  1907,  91, 
1693). 

Trihydroxynaphthaceneqainones  have  also 
been  prepared  by  fusins  1 : 6-dihydroxy- 
naphthaoenequinone  with  a&ali  (Deichler  and 
Weizmann,  Ber.  1903,  36,  725)  and  bv  alkaline 
fusion  of  the  sulphonic  acid  obtained  from  1 :  6- 
aminohydroxynaphthacene  quinone  (Bentley, 
Friedl,  Thomas  and  Weizmann,  Chem.  Soc. 
Trans.  1907,  91,  417). 

1  •  Aminonaphtliaeenequinone 

C„H,(NHj,)0,. 

From  hydroxynaphthacene  quinone  and  am- 
monia ;    m.p.  290'-292*»  {ibid,  415). 

l-Amino-6-hydroxyiiaphtliaeenequinone 

C„H«(NH,)(OH)0,. 

By  reduction  of  the  nitro  compound  (Deichler 
and  Weizmann,  Ber.  1903,  36,  2328 ;  Orchard- 
son  and  Weizmann,  Chem.  Soc.  Trans.  1906,  89, 
121 ;  Bentley,  Friedl,  Thomas  and  Weizmann, 
ibid.  1907,  91,  417). 

7 :  10  -  Diohloro- 1 -hydroxy  -  6  -  aminonaphtha- 
cenoqulnoiieC,8Heaj(OH)(NH,)02  (Harrop  and 
Weizmann,  ibid.  1909,  95.  284). 

l-Aiillino-6-hydroxynaphthaoenequinone 

C,8H,(NHC,H5)(OH)0, 

and  its  acetyl  derivative  (Bentley,  Friedl,  Thomas 
and  Weizmann,  ibid.  1907,  91.  419). 

2  ?-Nitro-6  T-anilino-l-hydroxynaphthaoene- 
quinone  Ci.H,(N02)(NHC.H,)(0H)0,  {ibid. 
420). 

7  (or  10)-Chloro-10  (or  7)-anillno-l -hydroxy- 
naphthaceneqainone 

C,«H,C1(NHC.H5)(0H)03 
(Harrop  and  Weizmann,  ibid.  1909,  96,  285). 

l-Amino-6 :  8  (or  9)-dihydroxynaphthaeene- 
qulnone  C,hH7(NH,)(OH)20,  {ibid.  423). 
1 : 6-Dianilinonaphthaceneqainone 
Ci,H3(NHC,H.),0,. 

By  the  action  of  aniline  on  dichloronaphthaccno 
quinone  (Gabriel  and  Leupold,  Ber.  1898,  31, 
1283). 

8  :  9Dichloro-7  :  lO-dlanlllno-l-hydroxy- 
naphthacenequlnone 

C,,H,C1,(NHC.H,),(0H)0, 
(Harrop   and    Weizmann,    Chem.    Soc.    Trans. 
1909,  95,  288). 

7  :  10-Dianllino-l  :  5-dihydroxynaphthacene- 
quinone  C„He(NHC,H5)j(0H),0,  {ibid.  285). 

8 :  9-Dichloro-7 :  10-dlanllino-l :  6-dUiydroxy- 
naphthacenequlnone 

Ci,H,Cl2(NHCeH5)2(OH),0, 

{ibid.  288). 

Naphthacene-diquinone 

CO      CO 
C.H,<>C,<>C,H, 
CO      CO 
is   obtain(Ml   by   the   action   of   nitric   acid   on 
1  :  6-dihydroxvnaphthacene  quinone.     Sinters  at 
32.')°,  m.p.  33d*-333°  (Gabriel  and  Leupold,  Ber. 
1898,31,  1283). 

The  action  of  halogens  on  naphthacene-di- 
quinone has  been  examined  by  Voswinckel  (Ber. 


1905,    38,    4015).     The    colourless    dichloride, 
CigHgOiClj,  of  m.p.  175°,  gives  the  acid 

CO 
CO 


X),H  HOC 


JO 


when  treated   with  soda.    With  bromine,  tri- 
hydroxynaphthacenequinone  bromide 

O      OH 


m.p.  198^  is  obtained,  whilst  bleaching  powder 

gives  an  oxide 

^  0     0 


^^W-" 


melting  about  240*». 

Voswinckel  draws  attention  to  the  fact  that 
several  compounds  which  have  been  described 
at  different  times  belong  probably  to  the 
naphthacenequinone  series  (e.^.  dibenzoj'l- 
succinic  dianhydride,  L.  Knorr  and  Scheidt, 
Annalen,  1896,  293,  74). 

1 : 2-Chrysoqttinone  CigH^Os.  By  oxida- 
tion of  chrysene  with  chromic  acid  (Liebermann , 
Annalen,  1871,  158,  309;  Graebe,  Ber.  1874,  7, 
784;  Bamberger  and  Burgdorf.  ibid.  1890,  23, 
2437  ;  Schmidt,  J.  pr.  Chem.  1874,  [ii.]  9,  284  ; 
Graebe  and  Honigsoerger,  Annalen,  1900,  311, 
262).  Crystallises  in  needles  from  toluene  and 
benzene  or  in  plates  from  hot  glacial  acetic  acid  ; 
m.p.  (corr.)  239-6°.  Monooxime,  m.p.  160°-161° 
(Graebe  and  Honigsberger). 

The  reactions  of  chrysoquinone  resemble 
those  of  phenanthraquinone.  Derivatives  have 
been  describe<l  bv  liebermann  {l.c);  Adler 
(Ber.  1879,  12,  1892):  Japp  and  Streatfeild 
(Chem.  Soc.  Trans,  1882,  41,  157)  and  Abegg 
(Ber.  1891,  24,  953). 

2  :  8-  or  amp^t-Chrysoquinone.  By  oxidising 
2  :  8-dihydroxychryscne  in  boiling  glacial  acetic 
acid  with  lead  peroxide.  Reddish-yellow  needles 
m.p.  288°-290*.    Compound 

CisHioOj-NaHSO.^HjO. 

Oxidise<l  by  air  in  hot  alcoholic  suspension  to 
8-hydroxy-*l  :  2  chrysoquinone,  dark-red  needles 
which  decompose  above  300°.  Gives  8-hy- 
droxy-l  :  2-chry8oquinone-l-pheny limine,  m.p. 
230°,  on  treatment  with  aniline  (Beschke  and 
Diehm,  Annalen,  1911,  384,  173). 

Naphthanthraquinone  C,H4<^qU>CioH,. 

From  naphthoyl-o- benzoic  acid  and  concen- 
trated sulphuric  acid.  Constitution,  Gabriel 
and  Colman  (Ber.  1900,  33,  449).  Mononitro- 
derivatives,  &c.  (R.  SchoU.  ibid,  1911,  44,  2370, 
2992;  Monatsh.  1912,  33,  507). 

QUINONES   C„Hj„    32O2. 

Dinaphthanthraqoinone 

c   H  /(2)CO(2)    p   „ 
^ioti«<;(3).cO(3K         •' 


QriNvXE^- 


•i. 
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1/ JL ;.  IT  :  X ;.  -*  .  '.»r :.  -.  fc :. :  • «: : :-  _•.  ^  /-■'■■■-  *  -i  *  rfc  - 
•.•r .  vj  ..  -_  - 1- ::  ■•"  vr'.  x " : .  ■.*■-.: '.    •  -  •  -r .  n .■  ir      :-: :  r* - 

•  r  t:!!'  - '. . - : - -;  i: . z";.*'.- i^t^r  - '.r: :l :■  -t  .  =-T - 
i'.i*".  VI  .::.  ■.!  ^*-:  t-.:!  l-^:*.'::.*.  :r.'*-5  :1-t 
r\:\:-'.'.  A1-.  •  "t-L^-i  '. 7  .1:  im'.z  3:5:3  :  G  - 
:«•  •: ri  •  ■-•■  111 .  -i  :  *  - : .  ^ ;■  :r :  r;.  --  ^  >:  r. -:■   v-.r i   r.:-.r  : 

Z  I-'. '.  rj:  *  r.  -  Fr.«  .•':.. 

i; :  o  :  ^  :  5  -Te:nbroB0-3  :  3  -^imcchrhlikri- 
nSXbn/t-i :  « -qviBOM 
O'.HK:.  v.Hi  :'.H-CH:':,HBr.  S'.H,  :0. 

By  :i*-  h'r.^'jz.  \i  -.'.l.i  *.:•::; -n  fc.'.*!*:*  cr.  1- 

•  r  Iff  r**.  -'.  1  -".  j-.'T.  ■'. :  i: :  ^■:,  r,  r.  rj'.-3-n.*:LT::  L:c  :- 
p-'.-Ti--: '.  „ - r r: r.. i ^ -  I>* :.'  '\'jk \ k  :•: v i* r .  n. p. 
24*^'  "^^.•:.  'i'.-v.iL:x.-;:j'.r.  Zjickr  *>r.d  Kt=.Tf. 
BtT.   JC-:i.   «.  423:    7-:k-.    Fr. Ln*. Ur^  iLi 

Aiobenirneqninonc .  ir  c::>.'.r.^  Azue 

Bv  -Lsii.:.;:  &  ?-;.1-*...l  r-f  5  fcT=i*.  •.:  Lrlrfct-f-i 

jr.  i  i . t r €■  '. :  '.- : :.*- r  " . : r,  - .1  v -  r  •.■!: : •.-  ■  :.•:*-  ■:-:: 
f f.  :i  15  IT  r.', • .  . :  - .  1  tt :  :. . -.  r»:'-  tr. ;  1  •. •  ^n^* .  ■: : 
i  ;.".::*-':  ■-■''z.-^z:.  -■^Ij.-r.*:*'.  A  "v."-'.  2  trn-i.  r- 
:  v.-  '^  - ::.  o:.  •r - 4  z.  r. •.-  =.«;.■  :.»:  c  '. : « l'. '.- *  by  *■  t*  t^i-ra - 
'.r.'j  :;-'■  ':•.;.•  7  'if:  y.«-li  ca:.  r.rf^  ra.frii  v.-  9".'  p.c. 
of  •..•.':  •.:-*-.r*''.  .-al  ^  y  •>■:-:.'.:;  r -j:  the  riir^tr  ciui 
v:*.h  xhr^-:  T#.  r..  '.-  *-«'..*j  '.f  l"".i  I.e.  o:  cr.l: r.- 
/orrr,:  a::  i  tvfcv.niT:-::  'rit  -'.Iv.r.:.  Pur.::--i  :y 
r*-'.Ty-"*.All.'vat.o:.  fy -r:.  tThyi  «■'.-*-•  4 :•?  WiJiTi'.tfrr 
ifi'i  B^r-7.  B«rr.  11*»*;.  3{^.  34 v^  .  •.ry^tJill;?^? 
*rjtii-:r  h.f  'i^rk  orAi.i'v-r*-:  :  r.?ir.-.  J  '•.'-*:  a  J.-rick- 
n.id  p'/wi*!.  or  :r.  -iirk  yil-a-  i.La::^:-.  j» -.vier 
ttl^.w.  Exj"iO<i'.-s  a:  !.>>'.  Th'.-  soi'J !:■:■:.?  an:- 
<J**:»rr    c*,l.upr:     :rari     :r.  o.-    vf     az.  j.-h^-r.' 1. 

It.  ]j .  I  SI  *- 1  ?- ".  *  h*.  ^  r;j'-  c-'jITj  >  'i 'i •:  i  ^  r  *jt4:r. c^  1 
by  riiix.r.j  *  -iirrj.-l'^^.-lar  ■-/jar.iit:*-*  of  :h'- 
o»ijr.o:.«.-iz  r.*r  a^i  &z,jph'.T.ol  iri  fc:h.'.r^^i  s.-lu- 
t:o:i.  .S'f^r.i'frr  r'.-«iu'.:r.;i  asfrnt*  <  y.  aiur:i:r.:um 
am^l^ram,  z:r.';  'i'l-rt  ar.'i  wai*r.  ■?:ar.i.'-j= '  hK-ridt- 
and  riyiry.r.joric  a<i'i.i  ?i%''--  ari  atj.-h^-i.-  !  r.-.  t 
j«ier.T:'.al  -i*-:th  ?h':  az/jph'.-r.'-l  rV-m  •.vhi'.h  :i.- 
quir.o::'  -azjr.<:  -.sa-i  pr*-f»ar*-i  XN.ll-'iitt-r  ai^  i 
B-.M.  H'T.  I'jO^  3r*.  34r«2  . 

Audition  Compounds  of  Quinones. 

A  i»Tj*:  nu in  U-T  of  .-uJ^iariCe-'  are  ki;«jwii  in 
\\  u  J '.  h  '1  ij  111  on  oM  ar. '  I  bcTi  z*:r*i  i  1  c-^htj  j «.'  un  d^ 
hn'.':  '::.•. <-r«'l  into  a  .^jmewhai  !'>«*«.•  coDibir.a- 
tjon.  Til*:  '.-a rl ;«.-■! t -known  lu'-mJ^.r  of  this  zr-.-up 
wa*-  *i\Linhylron*.  a  .-innsly  ctlourt-'i  •■qui- 
inol'.'.ul-ir  r'»rrjri'/ur.fl  of  ijuiTi'^n*-  ani  f|uinol  (i:-- 
f.-'iven.-'l  by  \Vo:jl-r  iri  I'»44  1  Arina!«r-.  51.  1.5.H  . 
The  tf-rm  qu:nhy'ip»r.«.-  i?  Ti«.''.v  u>eJ  ;:fn»:frieally 
for  th-  addition  pro^lucts  of  quir:oni-s  and 
phenoU.  but  -ir.fe  >imi]ar  adHiiion  product*  cf 
quinoQe-diiiiionriin  ^Ita  «ith  aromatic  diamine? 


w-"-.  f.7-:»:  i  -.  :•::-.  It  fc_  :•>:=:  T«rr.-ir  f'--rri*d 

"iV  :.r-iT>T  fcT  -:  Pi'LvAri    ?tfT.  lsa.«*.  41.  145&- 

ar  :  - -_  -  --.  ir.i-.  -r-^  .:»=.: -.^rei  :.r  K-rae  ::iEr. 
:  T-:r.r  :  *.ir  1^-:  :»r:i_::  :«r;o^;'eti  at  at  liit^r- 
ZL-:*:i:,fc":T    :-:n :•.-.!:  .    --_r^^   "if    cii-TLTcTsicfC.   oi 

zz,:z.:z.r  jir.-.  ::_i  r:i-:r  .1  •-  a^idrrxR  of 
iy ."  r . -jTr  :l  1  ij .  tj  -  ^--4 r-i:r  i^z  Az^ijzz-.  1  s41*. 
♦j>.  Ci'*.  Vl;:  :.- ir  :l-  ij,  i.T,-rer.  un- 
i :  -l :•:• .  ■ ..  ki.  i^ :  - :: . .  •  -.  t  •  f -:::.::  r  t«-sdc«  ibt 
rirr".i..«>  .:  ]c^:ifcn.:.- ■:  »'^:  ty  Wohier.  %t2- 
ii^  IT.  :■.  z-t-jt":-!  :iL-fc"j  ■:  :  --"jiiil  or  ihe  ic- 
1'. r.:l-:-  r^-. _::.•.!.  :  v._^:cr.  ::  i?  alio 
r.r^r-  -y  ":r.r  :•  :r >::.&•-■.■'  :  ■,-^:r.r.r  and 
q::ii .  1 '.  ,H  t'-^  - '  iH^  Or,  .  = '  .  .H-",  O^  and  may 
L^  rr>:.vvi  .:.:  .:•  i*;-!^:. :.-:.:-  :t  Snliti  «ith 
T»:*r,  :i*  ■:-_-.-■:   T.li:.?-;:  ard  ibr  <iuino! 

£— ->  V--1  "iv  r>:j-:* ■■_?•-?  ::  a  n>:'r.aT.;snic  p-htnol. 
r  «r.i.  :l-:  ::  &  i,i:;=:_:  i-L'.:::!.  altbc-ugh 
\V;:iiv"r.*-*  i:  :•-•.  :-.-t  i-rii  ib*  view  that 
:-i-r.i.Tir;Li  ::=^-l:  :-:-:Air.*-i  :■« .  zirc-Ieciik«  of 
-■j;_r.  :  :  :rf  ::  vpr  ::.:  BtT.  1>T2.  5.  S49; 
1^7;^  12.  !»•,  ^*j  zzta  -tks  -^-raiivrJ  b%- 
:lv  v.  :rk  ::  L:*'>:r=.*r^  .l.i  ISTT."  !•>.  IfiU^ 
N:e:ik:  ."ril  ?Vi3;  ArjnkjiT.,  1»2.  215.  125> 
a- i  K^^    .':,£.  ISv.-.  2»>'.  232  . 

Tiv  -I  r.iiyirrr.r*  a:ii  itbfr  DerqalnorciJ 
■:-:=.7»:u:i-=  ir.  c-^  ::.=:- r*  -s-.Th  many  decply 
:-:l .-r^ri  :j::rri::i-  *-*»siai::<«  <.c."  sulphur 
j-i-^V-  -^•'-  P^^-^:*::.  i-^-t-.  Ac.  .  have  a  con- 
i";:--':-r.:  T-rrs^r.:  :r.  :"?■:•  •ii-Tiro;  nape«  of  oxi- 
iit..::.  I'  :•:*  i3vr.qu:-or-- ii  orimpcundLs,  a 
;  ".T.  a  =_  :-a J  •;  V.  U".  *:  r  -r.  - ^  :«  fTir-Kisevi  10  exist 
>:t~'>.r.  '"■:-  .r  ibrvr-  r. .  I--,  "lies  or  Loczrae 
L-::*-i.  Kir.-Ur  :■:  :ht  :r.:r4n:k-:"!;iar  dynamical 
•;--  I:'r:-!:..  •■■.••.  ::..  -;;t:  irr  ".it  r.ame  of  i-o- 
—  v:'_:.<?:*.  hif  r-i-r.  vnpl.  vi-i  ry  Baly  to  furnish 
ar.  •iiT'l^r.a:..  r.  •. :  ::.t  a":!>  rr-'-ion  of  various 
car ■•  K-r, \ i-:- .  =^. ; •  ^r.  ■  -  -v^  1. br rr? .  S.^o.  Tran ?. 
1>.'4.  N".  1"2!«:  1*0.  ST.  T'Vi:  1332.  1347. 
l:i.V*:  1  ■:■••>.  >■.*.  >'2.  514.  J*'-\  1*S2:  IwT.  1*1. 
1572:  l'.-'>.  i»3.  1747.  !>*;*>.  li-.»2:  KHif*.  «J5, 
144.  I'.-.v.  . 

Wr. :- :  :  r. ■.  /^ .: . hy  Ir  r.es.  & rt-  1  ormol  by 
ih-i  ail::;:.  ■  :  ju.r.-  r.';->  a:.i  phenol*.  thV- 
f'.T ::.%:.■  :.  ■  :  w.::r.:.;.ir:.r...-  a^:  ar.  ir.t<-rmt-diate 
I -r ■■  VI.:  '.■ ':. •■  r.  h ;.  ir  j*  7.  c h ". . r. de  is  pa.>9cn I  i nt  1  • 
a  -.  ^i*.!-  T.  :  -IT.  r-.  -::II  r.As  :o  lie  explained. 
•-;.'•■.  iaiiy  ::.  \ :-.  ■»  ..;  :ht-  fs.:  :h^:  with  a  suffacit-nt 
ar.i-.uT.t  :  hyirij'. :i  ciilnie  a  practically 
qua:;:.::*: .  v  -.  y . ■. : :  ^ :  c :.'. :  ro  qn:^-^  I  i s  o bta inctj . 
Wichvlh^u*.  :::A:r.z  :i:.i:  quinone  oxidise;* 
^■jb^:;Tu:r•.i  «.u:r  1>  :..■  ?ul«jt:tisted  quinones 
wh:Is:  ::  :*  i:--:!:  T>-:-.:.>:^i  :o  quinol.  offercnl  as  an 
rx:Iai.a::  :■.  :ha:  ou::..  1  1:*!^- rates  chlorine  from 
h\  ir  »••-:.  *;h'i.r:'it  vhich  ibtz;  ac:?  upon  quinol. 

Vr.-  T-r  ■■:"»;■.  r.  \i  ^-bK-rine  apjvars  im- 
pr  ■  U  J ■  1  ■ . "  Tb: '. ! V ■>  : h •-i.  ry  Anna Icn .  1  Sl>9.  30U. 
133  «  r»v. i:.-  ::.>  .i.±^  ui:> .  but  d^-es  not  account 
r'-.T  'h'-  !:.:•  riTu  iiaiv  i-r. ■viui.tii-'n  of  quinhvdrone 
V.  M  Lul.  .1.  IT.  vi.t!y..  l'A»3.  eiS.  5*.t9:  1909, 
7i«.  423:  P  -r.'r.  Ar.naKi..  lKi«4.  336.  109). 
M:cha..!  a:,i  c  ti  .1.  it.  Cntm.  1910.  82.  298) 
as^sume  the  jt.  i'.:i.:>.  r.  <;•:  a  complex 


SI4  QUIXONES. 

A  wmmFfiAt  tinuUr  idc*  i*  to  be  found  in  foimd  that  (tainme-uiiiDe  and  qntnone-diiiBinB 

the  fonnnlatkin  of  qiiiDbvdrone  ■■  '  wvre  coWniriaa  mbaUoon  and  sare  eokmrleM 

n  o  ■^^  if  in  a  rtata  o(  paritv  (Willfltiner  and 

Y I  Pfannoutichl,  Bcr.  lOM.  37.  4fl06^     Kehrawuin 

^'  /  nimcBted  that   many  o(  tlw  dc«pl_r   eoloimd 

' /'  ODOalioa  ptodocta  obtained  from  aimpk  amiiMa 

i         1       I  mi^t  be  <rf  qninbydione  tvpe  {Aid.  ISOSw  38. 

'\.   y  ^  3777).    A  earefnl  ezaminatioa   bj  WUbtUter 

t  I  and  Piccard  (Aid.  1908,  41,  1458)  of  the  ozidB- 

0  0  tion    prodncta    obtainable    ftnm    dimethj'l-p- 

(G.  Urban,  Sfonatah.  1B07,  M,  290) ;  Wilblatter  pheoTlene  diamine  ahond  that  «4ulst  the  eom- 

and  Piccard  (l.c)  I4«4,  footnote,  point  ont  that  (*el*ly  4|umoDoid  nitrate 
thii  doea  not  take  into  acconat  the  lall  forma-  HNOj-HN :  C,H, :  X(CH,),XOi 

tioo  of  the  qninhydrones.  ,„  colourleea,  the  coknued  wlU  obtained  br 

Jt  M.  Richler.  who  totmnlatea  the  addition  ffnreter  (Ber.  1879.  12.  1803.  1907,  1071)  aad 

ixodnet  of  hTdtogeo  permlpbide  and  qnmone  aa  ooniidered  by  Beinthaen  (Annakn,  1885,  230, 


H-0-S-8-S-0-H  lU;  18S9.25I,Il,49.S2}tobe<rhol^qain(motd, 

aic  actually  of  meriquinonohl  tne.     Wimtcr'a 
ted  mmt  be  contideied  ac  an  atUition 


OH  0         OH       H-0 6 


BrSHrC,H,:SlCH,),&+SH,-C,H,-K(CB,). 
Kehrnuum  (Ber.  1908.41.2340),  and  Schkok 
and  KnoTT  both  drair  attention  to  the  fact  tliat 
qninhydronea  are  dinociated  into  tbeir  oon- 
Mitneota  in  lolntion,  bat  Wmster's  red  i*  tiot. 
Evidtstty  the  firmneaa  of  onion  of  qninonold 
and  benienoid  molecnlea  variea  in  d«ree  (Will- 
Matter  and  Piooard.  Ber.  1900,  42,  1902). 

Jean  Piccard  (Annaleo.  1911,  381,  351)  haa 
■boim  that  tbe  medqninonediimoninm  (alia 
XHjBr :  C,H, :  XH,Br  +  NH,-C,H,-SH, 
an  poanble  for  ordinary  qninhvdrone  of  viiich  eiirt  in  tiro  nwdiScationi.  a  and  0.  The  ■- 
the  second  is  preferred  (Ber.  'l9I0,  43.  3803).  compounds  art  formed  preferably  in  fwoaenM  of 
Thia  view  doea  not  commend  itaelf  to  Angelo  alcotiol;  the  fl-salta,  which  are  polymei*  and 
Knorr  (I'Md.  1911,  44,  1603).  The  true  imonium  looro  strongly  coloured,  at  lo»  tempeiatnres.  in 
componnd  obtained  from  qninoneHliimine  and  [H^sence  of  water.  The  ^-form  ia  naually  tbe 
p-nitrophenol  (m.p.  59*)  u  yellow,  i.e.  has  not    more  stable. 

tlie  narked  coloar  awocjated  with  qainbydtonea.  Some  of   the  addition   prodncta  formed  by 

The    meriqainonoid    compouuda    obtained    qninoneaandquinonold  componnda  are  given  in 

from   bases  were  frequently  mistaken  for  the    tlie  following  list.     The  fignrea  in  brackeU  Rf er 

qtiinoooid  mbstancea  themselves-  to   the  number  of   molecolea  of  reacting  anb- 

Jacloan  and  Calhane  acted  on  p-^ienykue.    ttances.  e.g.: — 


iditaditvomo-derivativewithbromine,      (3)  1:4.C,H,0,  +  (4)1:2;3  C,H,(OB)b 

obtaining  deeply  coloured  aalta  wbich  they  con-  ia.p.  78%  Siegmund, 

•idered  were  oompounda  of  the  diimine.  „^„g  ^^i  sjegmund  ha<  prepared  an  addition 

C,H,(:  NH),  and  C|H,Brt(:  NH),  product  of  3  molecules  of  p-benioqiiinone  with 

(Ber.    1902,    35,    2493).    Subeequenllj   it   was  .  4  molecules  of  pyrogallol  which  m(Jt«  at  78°. 


ftnd  Knorr. 
;mund. 

ie(!mund. 

',  Line  and  Baker. 

°.  Wohler ;  Ling  and  Baker. 

40°-l4S°.  Ling  and  Baker. 

30°.  LinK  and  Baker. 

130°-I35%  Ling  and  Baker. 

lOO'-ltO",  Ling  and  Baker. 

lOO*,  Staedelcr;  I,oring  Jackson. 


ik  and  Knorr. 
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a  substance  is,  however,  known  to   which  a 
quinomonoketene  structure,  viz. : — 

CO  CO.C.Hj 

HO/^OH  H0,/\0H 


C,H.0.C-1I 


NH- 


;co,c,H, 


5  OH 

has  been  ascribed  (Lteuchs  and  Theodorescu, 
Ber.  1910,  43,  1239). 

HBBaQUINOYD  COMFOUNDS. 

Several  compounds  already  referred  to 
contain  a  grouping  which  can  be  described  as 
hemiquinonold.  'uie  cycio-hexadiene  ring  is 
intact  but  the  carbonyl  group  (or  its  equivalent 
>C :  N— ,  >C :  C<;  )  is  only  found  once,  the 
other  carbonyl  group  being  represented  by  a 
carbon  atom  attached  to  two  monovalent  radicles 

RR' 


C 


•C 


V 


€• 
0- 


Qulnonold. 


V 

c 

II 

Homiquinonold. 


The  carbinol  loses  a  molecule  of  water  when 
shaken  for  20  minutes  with  10  p.c.  sulphuric 
acid  and  ice.    The  resulting   1 :  l-dimethyl-4- 

methylene-c^^A^*  ^-hexadiene  is  extracted 
with  ether,  the  ethereal  extract  dried  over 
calcium  chloride  and  distilled  under  reduced 
pressure  :  b.p.  50^  at  23  mm. ;  imstable.  The 
molecular  refraction  and  dispersion  are  far 
higher  than  for  the  isomeric  benzenold  com- 
pounds (mesitylene,  pseudo-cumene  and  methyl- 
ethylbenzene). 

Other  papers  by  Auwers  on  compounds  of 
*  semi  benzene  '  type  may  be  referred  to  (Ber. 
1903,  36,  1861,  3902 ;  1905,  38,  1697 ;  1906, 
39,  3748 ;  Annalen,  1907,  352,  219,  273,  288 ; 
Ber.  1910,  43,  3094;  1911,  44,  588,  788,  1595, 
3679). 

PSEUDOPHKKOLS. 

If  the  idea  of  keto-enolio  tautomerism  is 
extended  to  the  phenols,  each  hydroxy-deriva- 
tive  of  benzene  corresponds  to  two  ketocyrio- 
hexadienes 


/\ 


/\. 


HYDBOCASBONS. 

Instead  of  the  term  *  hemiquinonold,*  Auwers 
refers  to  compounds  of  this  type  as  'semi- 
benzenold.*  The  parent  substance  of  the  group 
would  be  a  hydrocarbon  of  structure  (I).  It  is 
probably  incapable  of  existence,  and  any  re- 
actions devised  for  obtaining  it  would  result  in 
the  production  of  toluene  (II.). 

CH,  CH, 


Yh 


^ 


\/J 


/H 


h 


Hc/\cH  ^  hc<''N:;h 

Hd     'CH 

c 

A 


"V" 


In  the  case  of  phenol  and  its  simpler  deriva- 
tives, the  possibility  of  isolating  desmotropic 
forms  appears  to  be  remote,  the  tribromophenol 
bromide  CaH20Br4,  obtained  by  adding  strong 
bromine  water  to  a  solution  of  phenol  in  600- 
1000  parts  of  water,  and  to  which  Benedikt 
(Annalen,  1879,  199,  128;  Monatsh.  1880,  1, 
360)  assigned  the  constitution 

2:4:6-G«HsBrvOBr ; 
is  almost  certainly  to  be  formulated  as 

Br 


r 


HH 

(I.)  (H.) 

A  dimethyl  derivative  shows  sufficient 
stability  for  isolation  (Auwers  and  K.  MuUer, 
Ber.  1911,  44,  1595). 

1 : 1  •Dlinethyl-4-metliylene  cycle-  A^^-heu- 
diene  C^Hi,  or 


./=\^CH, 


A  hemiquinonold  ketone  of  the  structure 


0:' 

\ 


/^CH, 


is  prepared  by  the  action  of  chloroform  and 
Hodium  hydroxide  on  p-cresol  (Ber.  1905,  38, 
1705).  This  reacts  normally  with  magnesium 
methyliodide,  yielding  a  carbinol  which  need  not 
be  isolated  before  reduction  in  moist  ether- 
alcohol  solution  to  trimethvl-cyc^-hexadiene-ol 
(colourless  needles,  m.p.  43"-44*). 

n  CH,  OH-    CHj  OH- 

OH  9  \  /  \V 


'\ 


X 


\ 


CH,  CHCl,  CH,  CHCl,  CH,  CH, 


(Thiele  and  Eichwede,  Ber.  1900,  33,  673),  for 
on  digestion  with  lead  acetate  in  acetic  acid, 
2  :  6-aibromoquinone  is  produced.  It  has  been 
suggested  that  mineral  acids  and  phenols  yield 
oxonium  salts  derived  from  the  ketonic  form 
(Chem.  Soc.  Trans.  1904,  85,  1229) ;  e.g. 

H, :  C,H4 :  0<gQ^g 

The  homologues  of  phenol  when  treated 
with  an  excess  of  halogen,  yield  products  in- 
soluble in  alkali  (Auwers,  Ber.  1895,  28,  2888, 
2902,  2910;  Zincke,  ibid.  3121).  To  the 
*  pseudophenols,*  the  structure  of  true  phenols 
(I)  or  of  the  desmotropic  ketones  (II) 

CH,X 

/\  /\ 


HCHjX 

V 


IL 


^-    CH,X 


/ 


y^'^Z' 


0« 


o 


may  bo  assigned  :   mere  insolubility  in  alk&lv  >& 
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SalU  of  nitrophendB  KO'C,Ht-NO, 

Salts  of  lutroBOpheDoIs  K0-C,U,-NO 

AzophenolB  C,H,N:NC,H,-OH 

Hydroiy-aldehydea  and  ketones    C,H,-CO-C,H,(OH), 
Auramine.     {CH,),N-C,H,-C-C,H.  N(CH,t,HCl 


HO-C,H«-C-C,H,-OH 


0:C.H.:NOOK. 
0:C4H,:N0K. 
C,H,-NHN:C,H.:0 
C,H,C(OH):C,H,(OH),:0 
(CH,),NC,H,-C:C,H4:N(CH,),CL 


NH. 


'•<?„" 


KO-C.H,-C;C,Hj;0 

c,Hy 

\CO0K. 


H,-C,Hy|')C,H,-NH,     NH,-C,H,/V;,H,-NH,     NH,C,H,/V;,H,:NH,CI 


O.H,/|">C,ll 


BSBigced  to  this  coinpound  was  acrcpted,  but 
the  coloured  salts  vers  regarded  aa  quinonold. 
"Hie  difference  of  voUtility  in  a  current  of  steam 
was  adduced  aa  an  argument  favouring  a  con- 
gtitutional  diSsrence  between  the  isomers ;  in 
the  light  of  more  recent  vork,  the  non-assooia- 
tioD  of  the  molecules  of  the  ortho-  and  the 


(Auwers,  Zeitscb.  phvsikal.  Cheni,  1893,  12, 
dSQ:  1894.  15.  33  J  IS06.  IS,  £95,  and  other 
papers);  Hewitt  and  Winmill  (Oiem.  Soc. 
Tn-ae.  1907,  91.  441  :  Thole,  ibid.  1910,  97, 
2590)  may  account  for  the  difference  in  the 
vapour  preuures  of  the  ttco  subatancca  at  100°. 
ArmnCrong  encountered  difficulty  with  m* 
nitianiline ;  the  compound  can  hardly  be 
quinonold  ;  it  is  nevertheless  coloured,  although 
the  benzoa(«  is  colourless. 

Meanwhile  Hantiech's  work  on  pseudo-aoida 
bad  appeared  and  aSordod  considerable  support 
to  the  idea  that  acids  and  their  salts  are  fre- 
quently constitut«d  in  a  different  manner  (Bcr. 
IS99,  32.  675.  007.  62B.  641.  3066,  3089,  3101, 
3137;   1901,34.3430;   1902,36  210,226, 
1001,  2724;    1905.  38,  lOOfl,  1013,  1022, 
2326,    1906.   39,   139.   162.   1073,   1084, 
2098.  2472.  2478,  2703,  3072,  3080.  4163  ; 
40,   330.    1623.   1533,    1556,   4875;     1908.   41 
1746;    1909,  42.  966.  086,   1000,  1007; 
4.3,  46.  68.  82,  95.  1685;    1911.  44.  1783).    M 
the  case  of  nitrofoim  and  its  potassium  salt,  a 
Cood   case   was   made   out   for   the   respective 
formula    (Hantzuch    and    Rinken  berger.    Ber. 
1899,  32.  628)CH(NO,):,andQNO,),(:NO-OK). 

Hantisch  went  so  far  as  to  state  that  any 
<■  olouriess  hydrogen  compoun  d  which  gi  ves 
coloured  ions  is  a  weudo-acid ;  I'.r.  the  free 
hydrogen  compound  and  its  salts  possess 
different  constitutions  (Ber.  1899,  32,  578). 

Other  observers  have  explained  anomalous 
results  in  the  selective  absorption  or  fluorescence 
of  nitro-com pounds  by  assuming  the  change 

X(NO,)('OH)->  X(:NO'OK)(:0) 
(Chem.  Soc.  Trans.  1900,  77.  1324;  1902,  81, 
893 ;  1906.  89.  19),  whilst  Baly.  Edwards  and 
Stewart  (Chem.  Soc.  Trans.  1906.  89,  514)  con- 
cluded from  B  comparison  of  the  absorption 
speclra  of  p-nitrophrnot  and  its  podium  salt  that 
'  the  Ksidual  affinity  of  the  oxygen  atoms  of 


H./XO.H., 


the  nitro-group  exerts  insuflScient  attraction 
for  the  hyt&ogcn  of  the  free  nitrophenol  to  cauae 
the  formation  of  the  quinonold  lorm,  but  that 
when  the  hydrogen  is  replaced  by  the  more 
electro -positive  sodium  atom,  then  the  attrac- 
tion of  the  oxygen  atom  is  sufficient  to  bring 
the  sodium  over,  with  the  formation  of  the 
quinonold  form.'  A  similar  relationship  was 
assumed  in  the  case  of  orthonitrophenol  and 
its  sodium  salt,  whilst  the  yellow  colour  of 
P'nitroaniline  was  explained  by  its  molecules 
existing  in  quinonold  phaa 


A 
V 

N  — 
H 


-OH 


,0H 


H 


The  transitory  existence  of  a  meta- quinonold 
linking  was  also  asBume<l  to  account  for  the 
phenomena  observed  with  m-nitroaniline  and 
in -nitrophenol.  Baly  and  Tuck  subsequently 
extended  their  views  (Chem.  Soc.  Trans.  1606, 
89,  982),  sMting  that  the  pbcnylhydrazones  of 
the  three  nitrobenzaldehydes  exist  partly  or 
entirely  in  the  quinonold  form 


HOs 


N  :  C.H, :  C :  N-NHC.H,, 


O 


N:C,H,;N-N;qcH,), 


Chemical  evidence  for  the  assumed  change 
was  lacking  until  Hantzach  and  Gorko  (Ber. 
1!>06.  39.  1073)  shou-ed  that  under  certain  con- 
ditions the  silver  salts  of  ihn  nilro-phcnola  yield 
coloured  act -esters  on  reacting  with  alkyl 
halides.  These  compounds  arc  extremely  labile, 
are  readily  hydrolyacd  and  unde^  spon- 
taneous change  into  the  nearly  or  quite  colour- 
less nitro-aryl -alkyl  ethers-  Hanlzsch  states 
that  their  colour  points  to  quinonold  si 
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ncemic  compt/onds  hAre.  a«  a  mk,  the-  gmtcr 

140;    W*W«i,'  Ber.  1*S9«».  2y,  1^99;. 

3.  SUmhility  amd  trntUimy-pfHtkL  Thnt 
appearn  to  be  a  certain  nrlation  bet«ic«ii  tike 
Aombilit y  aod  mehing-point  on  the  '•nf  faaxMi,  aod 
the  sp^fic  parities  od  the  other,  of  the  racemic 
and  actire  fomu.  li  the  ^pecidc  gravity  of  the 
racemic  compouDd  is  greater,  the  melting-point 
is  higher  and  it  is  aUo  lew  soluble.  If  the 
specitic  gFSvity  is  less,  the  mehing-point  and 
solubility  are  reversed.  The  foUoving  examples 
exhibit  these  relationships^ 


Sp-gr. 


M-p. 


SohibOitr 


m.        r.        m.        r. 
ICabc  Mid       .  l-j«5  l^'jl  UMr-  IMF-UI 
CampiKirieaeid  1184  l-t2»  O^T'-ls/xa^-ifa 
Tartaric  a«d  .  1-7S4  1-W7  I7(jr     iOI- 
Jfawklic  acKi    1^41  l-ZtjO  iztf-  Uf  -l  \^ 

4.  Ab«orj4i4>H  jfpf.rira.  These  have  been 
shown  bv  Stewart  to  be  different  in  the  active 
and  racemic  forms. 

5.  WaUr  oj  cry^tUMUusatiaiu  It  is  a  common 
ob^iervation  that  the  active  and  racemic  forms 
nsuallv  contain  different  amounts  of  water  of 
cr\'i$tallisation. 


babstaDce 
Tartaric  acid  . 

«. 

r. 
H,0 
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6.  PhyJsioUyical  prop^rtUs.  Cliabri^  has 
hhown  that  racemic  acid  is  less  poisonous  than 
the  active  tartaric  acids,  and  Tiemann  and 
Schmidt  noticci  that  inactive  terpenes  often 
have  a  faint^^'r  odour  than  the  active  forms. 

In  dilute  solution  the  racemic  compound 
dissociates  into  its  two  active  components  and 
consequently  the  solution  behaves  like  a  mixture 
of  the  two  enantiomorphs.  It  has  no  action  on 
prjlarised  light,  and  such  properties  as  vapour 
pressure,  specific  gravity,  ma^i^etic  rotation  and 
electrical  conductivity  (in  the  case  of  an  acid) 
are  identical  with  those  of  a  mixture  of  the 
active  c^jmiKments.  The  vapour  density  is 
also  the  same.  Thus,  Anschutz  (Ber.  1885,  18, 
1397)  has  shown  that  ethyl  racematc  is  mono- 
molecular  when  vapourised. 

Methods  oJ  diMirujuinhing  racemic  compounds 
from,  mizturts.  ITie  criteria  for  determining 
whether  an  inactive,  cr\'stalline  substance  is 
(1 )  a  mixtun;  or  conglomerate  of  equal  quantities 
of  the  two  kinds  of  crystals  not  forming  a  com- 
pound ;  (2)  a  true  racemic  compound^  that  is, 
a  compound  consisting  of  equal  molecules  of  the 
two  enantiomorphs;  or  (3)  an  isomorphous 
mixture  or  mixed  crystal  (called  also  a  psettdo- 
actmic  compound)^  have  been  examined  by 
Bakhuis  Roozeboom  (Zeitsch.  physikal.  Cheni. 
1899,  28,  494)  frr>m  the  standpoint  of  the  phase 
rule,  and  he  has  sho^in  that  the  melting-point 
and  solubility  afford  tho  most  trustworthy 
evidence  of  racemism. 

Melting-point  of  conglomtralts.    In  this  case 


enantiomc^pii  mii#t  be 
iepaimte  individual  and  the  meltmg-iKMnt  of 
c«ch  ( when  pr^ent  in  exDese,  it  may  be  recaided 
a#  the  folvetkt  ^  wiD  be  lovmd  by  the  additioii 
of  the  second  cnantjomorpli.  the  entectie  or 
mixture  of  minimum  meltin^-poait  being 
reached  wfam  both  are  presmt  in  e<pial  quantity. 
The  melting-point  carver  of  the  twx>  enantio- 
morf^u  will  have  the  foUoving  form  : — 
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If  A  and  B  represent  the  mehing-point  of  the 
pore  kero-  and  dextio-  enantiomorphs  (L  and  D), 
AC  and  CB  will  represent  the  melting-point  carves 
of  each  of  the  enantiomorphs  when  mixed  with 
increasing  proportions  of  the  other,  and  c  the 
melting-point  of  the  inactive  mixture  when 
equal  quantities  of  the  two  are  present.  Conse- 
quently when  either  enantiomorph  is  added  to  the 
conglomerate  the  melting-point  will  be  raised. 

Meliing-poimt  cf  racemic  campoumds.  The 
melting-point  curve  of  a  racemic  compound  and 
its  two  enantiomorphs  will  form  three  curves, 
for  there  are  three  individuals,  and  according  to 
uiiether  the  racemic  compound  has  a  higher  or 
lower  melting-point  than  the  enantiomor^-*  the 
curves  will  take  the  following  forms. 
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Thus  active  dimethyl  tartrate  melts  at 
43-3^  ;  racemic  dimethyl  tartrate  at  89-4%  and 
the  curve  would  take  form  repiesetited  in  Fig.  2, 
whilst  active  mandelic  acid  melts  at  132*8°  and 
the  racemic  acid  at  118°  and  WDtikl  have  the 
form  shown  in  Fig.  3.     Here  the  additioD  of  a 

'  small  amount  of  either  enantiomorph  to  the 

I  racemic  compoimd  will  lower  the  melting-point. 

Melting-point  of  pseudoracemic  mixed  crftlaU. 

If  the  two  enantiomorphs  are  isomorphous  and 

form  mixed  crx-stals  they  form  only  a  single 

'  phase  and  the  fusion-point  will  depend  tiponSie 
com]x)i:ition  of  the  solid  wiiich  separates  from 

'  the  fused  mass.  If  it  is  identical  wi^  that  of 
the  fuse<l  mass,  a  constant  melting-point  for 
any  mixture  is  obtained.  This  hias  been  ob- 
served ill  the  case  of  the  two  aotive  oampbor-' 
oximes.     llie  curve  is  then  a  horwnmtaf  Ijim 
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joining  the  melting-points  of  the  enantiomorphs. 
Fig.  4. 

This  property  is  exhibited  by  l-amyl-3-nitro- 
phthalates ;  the  compounds  themselves  and 
mixtures  melt  at  116°,  also  by  2-amyl-3-nitro- 
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phthalatos  which  melt  at  155°,  and  amyl  phenyl- 
carbamates  which  melt  at  31°  (W.  Marckwald 
and  Nolda,  Bcr.  1909,  42,  1583). 

If,  on  the  other  hand,  the  solid  which 
separates  differs  in  composition  from  the  fused 
mass,  the  melting-point  curve  will  bo  either 
convex  or  concave.  The  former.  Fig.  5,  will 
occur  when  the  concentration  of  the  second 
cnantiomorph  in  the  separated  solid  is  less,  the 
latter,  Fig.  6,  when  it  is  greater  than  in  the 


B 


Fig.  7,  if  the  vertical  represents  the  concen- 
tration of  the  Isevo  and  the  horizontal  that  of 
the  dextro  enantiomorph,  the  upper  solubility 
curve  ac6  represents  that  of  a  mixture  (above 
or  below  the  transition  point  of  the  racemic 
compound).  The  point  e  will  lie  on  the  line 
OB  equidistant  between  the  horizontal  and 
vertical,  since  the  two  enantiomorphs  possess 
identical  solubilities.  The  solubility  curve 
for  the  pure  racemic  compound  will  also  cut 
the  line  OB  either  above  or  below  c,  depending 
on  the  transition  temperature  and,  as  in  the 
former  case,  the  point  will  be  a  maximum  or 
minimum  according  to  whether  the  solubility 
of  the  racemic  compound  increases  or  decreases 
in  presence  of  excess  of  cither  enantiomorph. 


Fig.  6. 

fuse<l  mass.  The  curve  in  both  cases  uill  be  a 
continuous  one  and  reach  its  maximum  or 
minimum  at  c  when  equal  quantities  of  both 
enantiomorphs  arc  present.  A  maximum, 
91*4°,  has  been  observed  in  the  case  of  the 
carvoximes,  the  enantiomorphs  melting  at  72°; 
and  a  minimum  in  that  of  d-  and  dl-Avnyl  carba- 
mate's (W.  Marckwald  and  Nolda,  Ber.  1909,  42, 
1583). 

The  above  criteria  in  regard  to  the  nature  of 
an  iivactive  sulistance  only  hold  in  the  neighbour- 
hood of  the  melting-points.  At  other  tempera- 
tures, transformations  may  occur  of  a  racemic 
com|)oun(l  to  a  pseudoracemic  compound  or  a 
conglomerate  or  tfice  versa. 

Soluhilities  of  racemic  compounds  and  mix- 
tures. The  phase  rule  may  also  be  applied  to 
the  equilibrium  between  a  racemic  compound 
or  mixtun^  and  its  8aturate<l  solution  in  precisely 
the  same  way  as  to  a  mixed  and  double  salt. 
A  system  consisting  of  a  mixture  of  the  dextro- 
and  l»vo-  enantiomorphs  in  equilibrium  with  a 
saturated  solution  is  a  3-component  system  and 
is  invariant  for  a  given  temperature.  The  iso- 
thermal solubility  curve  of  each  will  vary 
(increase  or  decrease)  with  each  addition  of  the 
other  enantiomorph  until  a  maximum  or 
minimum  solubility  point  is  reached  when  both 
are  present  in  equal  quantity,  that  is,  when  an 
inactive  mixture  is  formed.  If  either  enantio- 
morph is  now  added  no  change  will  result,  for 
the  solution  is  saturated  in  regard  to  each 
enantiomorph  and  neither  will  be  dissolved.     In 


The  curve  a'efb',  in  Fig.  7,  represents  the  solu- 
bility curve  for  rubidium  racemate,  the  transi- 
tion point  of  which  lies  below  that  of  the  con- 
glomerate. The  addi':ion  of  an  excess  of  either 
enantiomorph  will  introduce  a  new  phase  and 
a  new  equilibrium  will  be  established  which 
will  lie  on  df  or  de  according  to  the  enantimorph 
added  ;  in  other  words,  the  solubility  will  no 
different  from  that  of  the  pure  racemic  com- 
pound, and  moreover  some  of  the  active  com- 
ponent will  pass  into  solution.  Thus,  by 
comparing  the  concentrations  of  the  saturated 
solutions  before  and  after  addition  of  the  enantio- 
morph, it  would  be  possible  to  ascertain  whether 
the  original  substance  were  a  racemic  compound 
or  a  conglomerate.  Moreover,  the  addition  of 
either  enantiomorph  to  the  solution  of  the 
racemic  compound  would  produce  an  optically 
active  solution  which  could  be  readily  observed 
in  the  polarimeter.  These  facts  have  been 
demonstrated  experimentally  by  Kendrick  (Ber. 
1897,  30,  1749)  in  the  case  of  r-ammonium 
bimalate. 

Partial  racemism.  The  term  is  applied  to 
those  cases  in  which  a  double  salt  is  formed, 
consisting  of  equal  molecules  of  two  active  com- 
ponents which  are  not  enantiomorphs.  The 
phenomenon  was  first  observed  by  Pasteur,  who 
obtained  crystals  of  a  double  salt  of  ammonium 
ef-tartrat«  and  ammonium  /-malate.  Another 
form  of  combination  to  which  I^denburg  first 
applie<l  the  term  partially  racemic  compound 
was  olwerved  by  him  in  the  case  of  quinine 
pyrotartrate,  which  forms  three  series  of  salts, 
from  one  of  which  the  rf-acid,  from  a  second  the 
/-acid,  and  from  a  thinl  the  inactive  acid  was 
separate<l.  The  quinine  in  the  thinl  case  must 
therefore  have  united  with  the  unresolved 
racemic  acid  or,  what  amounts  to  the  same  thing, 
a  double  salt  of  quinine  d'  and  ^tartrate  must 
have  been  formed. 
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is  always  at  a  iemperatnn  abore  sanomiding 
bodies  (Compt.  rend.  1904,  136).  Many  ex- 
perimenters have  since  measured  the  heat 
emitted  by  radiam,  and  the  latest  determina- 
tion by  Schweidler  and  Heas  gives  the  vahie  118 
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calories  per  hour  per  gram  of  radium  (Wien.  Ber. 
1908).  Kuth(?rf(>rd  and  JUmos  liave  made  a 
detailed  examination  of  the  heat  emitted  by 
the  products  of  radium  separately,  and  have 
ahoim  that  the  heat  geneiaied  is  doiived  trom 


the  enet;^  of  the  «  particka  emitted  (PhiL  Mag. 
1904).  The  fi  and  7  rays  seem  to  be  re^oosibk 
only  for  a  very  small  part  of  tlia  heat  erolTed. 
Jfeasnrements  00  other  pcodncta  hare  eonfizmed 
the  view  that  the  heat  devdoped  in  ladio-actiTe 
changes  is  proportiooal  to  the  eisugj  of  the  « 
partades.  It  will  be  noticed  that  the  emissioo  of 
heat  by  radium  is  very  large»  beinp  sufficient  to 
melt  its  own  weight  of  ice  in  40  mmntea.  This 
evolntion  of  energy  dining  ladio-aetiTa  dianges 
may  be  taken  as  indicative  of  the  cnormoos 
sUwes  of  energy  which  most  be  contained  within 
the  atoms. 

The  figures  in  this  taUe  show  a  certain  re- 
lation between  the  period  p  of  a  sahstaDoe 
emitting  a  rays,  and  the  range  r  of  those 
rays.  Rutherford  was  the  first  to  draw  atten- 
tion to  the  existence  of  such  a  rdation,  point- 
ing out  that  in  genera]  p  was  large  when  r  was 
smaU  (PhiL  Ifag.  1907).  Geiger  and  Nuttall 
have  made  fresh  determinations  of  sevrral  ranges 
which  had  previously  been  somewhat  uncer- 
tain ;  these  have  beMi  used  in  the  constmctioo 
of  the  Uble  (i6Mf.,  1911).  They  have  taken  the 
opportunity  to  re-examine  the  relation  between 
p  and  r  and  find  that  for  the  radium  series, 
and  also  for  the  actinium  series,  p  and  r  are  con- 
nected by  the  relation  rp*=6.  Here  a  and  h 
are  constants,  the  former  being  the  same  for 
both  series.  The  figures  for  the  thorium  series 
have  not  yet  been  completed.  If  the  relation 
can  be  relied  on,  a  very  interesting  result'mppears. 
It  can  be  shown  that  the  life  of  a  substance 
emitting  rays  of  short  range,  say  1  cm.  would  be 
so  long,  and  therefore  its  transformation  so  slow, 
that  its  activity  would  be  beyond  the  limits  of 
detection  by  present  methods.  W.  M. 

II.  This  section  deals  with  the  phenomena 
attending  the  passage  of  a-,  fi-p  and  7-ray9 
through  matter. 

It  is  convenient  to  divide  them  into  two 
parts  :  (i.)  those  referring  to  the  action  upon  the 
rays;  (ii.)  those  referring  to  the  action  upcm  the 
matter. 

Further  subdivision  is  convenient  in  respect 
to  the  phenomena  of  part  (L).  The  experience 
of  an  a-,  a  $-,  or  a  7-ray  as  it  flies  across  an  atom 
may  be  considered  under  three  heads :  (a)  loss 
of  energy,  (6)  deflection,  (e)  transformation  or 
replacement.  The  a  particle*s  experiences  are 
mostly  under  (a) :  it  is  only  slightly  liaUe  to 
scattering  (6),  and  not  at  all  to  change  of  form  (c). 
The  0  particle  is  very  liable  to  deflection,  which 
often  makes  its  loss  of  energy  difficult  to  detect, 
and  it  is  liable  to  transformation  into  a  7-ray — 
the  X-ray  may  be  included  as  a  form  of  7-ray — 
especially  if  its  velocity  is  not  more  than  about 
one-third  of  that  of  lignt.  The  7-ray  (or  X-ray) 
appears  to  suffer  no  loss  of  energy,  and  is  some- 
what liable  to  scattering ;  the  most  interesting 
and  important  event  in  its  history  is  the 
transformation  of  its  energy  into  that  of  a 
iS-ray. 

The  most  obvious  of  the  phenomena  to  be 
included  under  (ii.)  are  heating,  photographic 
action,  phosphorescence,  ionisation.  The  last 
three  are  used  as  indicators  of  the  action  of  the 
rays. 

Gfncral  consuUrationg. — In  all  cases  known 
the  phenomena  of  part  (i.)  are  independent  of 
physical  and  chemical  conditions.  For  example* 
the  probable  loss  of  energy  of  an  a  partielo  in 
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{(oing  through  «  defliut«  Hroall  volume  contaia-  the  gaoze  bb,  and  enter  the  ionJsatioD  oh&mber 
lag  an  atom  doea  not  depend  on  whether  the  between  bb  and  Aa,  then  ioniM^n  occuia  in 
atom  ia  part  of  a  hot  bodj  or  of  a  cold  body,  of  the  chambeT  alto,  and  is  detected  in  the  usual 
a  solid  or  of  a  gas,  of  a  nmple  molecule  or  of  a    May.     The  lower  gauze,  cc,  ia  connected  vith 


I  which  can  be  extracted  from  a  gae 
after  an  a-partide  has  passed  thiough  it  depends 
somewhat  upon  molecular  association. 

The  B-  Bod  B-nya  are  leall^  projectiles  of 
Tety  smnll  mass,  but  of  enormous  nieed.  It 
would  appear  that  the  y-ray  (and  the  X-ray 
which  has  similar  properties)  may  also  be 
reasonably  and  usefully   considered   as  a  pro- 


of a  gas  at  any  temperature  yet 
results  are  peculiar,  as  might  be  expected.  In 
particular  the  atoms  are  no  longer  impenetrable, 
but  are  traversed  with  the  utmost  freedom ; 
and  the  actions  and  reactions  between  the 
projectiles  and  the  atoms  arc  of  the  greatest 
interest,  affording  glimpses  of  the  atomio  con- 
stitution from  an  entirely  new  standpoint. 

We  now  take  the  three  radiations  in  turn. 

The  a-rap. — The  almost  universal  presence 
of  helium  in  radioactive  minerals  early  sug- 
gested the  nature  of  the  a-partiole.  A  simide 
veriRcation  has  been  given  by  Rutherford  and 
Royds  IPhiL  Mag.  1909).  Radium  emanation 
is  enclosed  in  a  gloss  tube  with  very  thin  walls, 
through  which  a  radiation  can  pass.  Outside 
the  tube  is  an  evocoated  space,  which  shows  no 
trace  of  the  bclium  spectrum  when  sparked 
through  immediately  after  the  preparation  of 
the  tube.  In  a  few  days,  however,  the  helium 
lines  are  strongly  shown.  In  control  experi- 
ments, when  the  inner  tube  is  empty,  and  even 
when  it  is  filled  with  helium,  there  is  no  such 
effect.  It  is  clear  that  the  emanation  has  shot 
helium  through  the  glass. 

Butherfoi^  has  determined  the  velocity  ol 
the  a  particle  and  the  ratio  of  its  charge  to  its 
mass  by  observing  the  effect  of  electric  and  iqag- 
netio  fiplda  upon  its  flight  (PhiJ.  Mag.  1906|. 
The  latter  quantity  he  finds  to  bo  nearly  5  x  10", 
which  bHowb  that  the  a  particle  being  a  helium 
atom  must  carry  twice  the  unit  charge.  The 
velocity  will  be  considered  Iat«r. 

Since  the  a  particle  is  very  little  scattered 
by  the  matter  through  which  it  passes,  its  path 
is  almost  exactly  a  straight  line.  It  spends  its 
energy  as  it  goes,  and,  having  spent  it,  comes  to 
comparative  rest  at  a  certain  distance  from  the 
starting-point,  which  distance  is  called  the 
range.  The  range  varies  with  the  initial  speed 
and  with  the  nature  and  density  of  the  gas 
traversed.  It  was  first  found,  in  the  case  of 
the  a-rays  of  radiniD.  by  means  of  apparatus 
represented  in  the  ilingram  (Fig.  1).  A  very 
thin  layer  of  ra<lium  is  placed  on  a  plate  Rtt. 
The  o-rays  stream  upwards  in  all  (Erections, 
but  only  those  which  proceoil  almoxt  vertically 
Buccceil  in  paising  through  the  set  of  tubes,  tt. 
These  are  iiinde  .if  thin  lopper  foil  1  cm.  long 
and  2  mm.  wiilc  ;  the  bundle  contains  about 
150  of  them.  The  a-rays  which  strike  the  walls 
of  the  tubes  nro  embedded  (here.  The  rest 
stream  upwards,  ionising  the  gas^  if  they  reach 
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the  earth,  and  the  field  between  bb  and  co 
protects  the  ionisation  chamber  from  the  in- 
trusion of  ions  from  below.  The  radium  is 
gradually  raised  towards  the  chamber  and  the 
current  measured  fov  diflorent  positions ;  th» 
*  ionisation  curve  *  ia  thus  obtained  (Fig.  2) 
{Bragg  and  Kleeman,  Phil.  Hag.  J900).  lliis 
curvoisinterpretedasfollows.  The  small  readings 
above  a  ore  due  to  the  action  of  $•  and  y-nja. 


the  range  of  the  a  particle  in  question. 
it  IS  J-14  cm.  in  air  at  a  oressure  of  7S  cm.  and 
a  temperature  of  20°.  The  range  at  any  other 
pressure  (P)  and  absolute  temperature  {T)  is 
7'I4x(7(l/Plx(T/2931.  The  slope,  ab,  is  due 
to  the  fact  that  all  the  n.rays  do  not  reach  quite 
the  same  distance  from  the  radium  ;  the  turn 
at  n  shows  that  at  (1-5  cm,  nil  the  rays — of  this 
stream — now  mnko  Iheir  way  into  the  chamber. 
The  gradual  bcnii  baik.  Be,  implies  that  tho 
a-pnrticte  is  more  eflcotivo  ns  an  ioniser  aa  it 
slows  down.  The  sudden  break  out  again  at 
c  (4-S4  cm.),  shows  that  tho  chamber  U.  tia-s 
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projxjitiori  th%t  ar^<.-oriVert'r'iiritod-niysincn.'-!>-     r  ot«  contain  ODiL«id<TmLle  qniuititie*  of  ffUich 
ifijf  a  'j-:*rTi  rrrii'iffi  of  that  'ub'^Wu-j-:     If  thi*      L#r%ij:«r.  i.-impt.  reed.   Is91,  113,  373}. 


]rr*\0/ni'jTi  1-  ]*'iK  *  \M*\  Vt  fAr,  uIa-.tv  4e  i>  \u*:  ^kA    hA-*    Lr.-.-ii    f'^und    in    rxiishes    livesseckd, 

|ip>iij'.a  '^f  th*:  trii'-Kfi':--  of  th'.-  •ttraturu  athi  it-  .\nrx.  .Vzruri.   I'Slfl.  IT.  352 >.     By  dutiUin^  an 

fitri^ity,  thTti  for  m'^l  r^uf^tarjo.-;*  A  i:i  nearly  aqu*n^u^  extract  of  Hapkan^u  ai^r  ^llill.)  \SL 

<^}i')  in  ih's  ts^-^s  of  th<:  v-rays  of  ra«liuni  and  «a/iry>..  M-ireizr.e   iJ.  Pharm.  Cliim.  lS96w  4, 

<>-Ul7  in  the  caij<.'  of  the  7*raya  of  uranium.  10/  obtain«.-d  a  cr>~etaUine  ffabetanoe.  mpkamnl 

For  le«/i  and  other  feub-itantx-s  of  hisrh  utomic  i\^U^Jl^.  melting  at  62"  and  soluble  in  ether, 

wei:;ht,  it  i  >}  a  little  lander '  •^'.  for  eximple»  S>ldy  c-h!<jrjform.  benzene,  or  lisht  petroleum, 

and  Ku-L>«ell,  PhiL  Ma^.  lOlU;.  Aco^riinz  to  Kellner  ^  Land  v.  Veisnchft.  Stat. 

The  s/^att^rin:;  of  the  7-ray  in  it«  pi^^aze  IS!i3.  3".  42'.  a  jngantic  rariety  of  radifth,  angle 

thrrjusrh  matter  haa  U-en  ezamint<l  by  peveral  n>jts  of  which  attain  a  weight  of  2}  to  3  kiloft.. 

worker*,  c.y.,  MvLcen  rfrana.  Roy.  Sx-.  of  South  is  much  eftt<.-emeil  tks  a  vegetable  in  Japan.     He 

Australia,  iilij*if  and  Florance  'Phil.  Mag.  1910^  found  this  to  contain — 

The  latter  htau*.4  that  if  a  stream  ofhetepi-  SolaUe 

gen<^>uj   7-rav3    from    ra/lium    u   fccattered    in  Wa»er    Pro>in    Fat    carbohrdrates  Crude  fibre   Ath 

pa^in;?    lhrr>u-h    matter,    that    which    in    less  '-^^-l^      ^  **"     ^^'          ^'^                ^""       ^*5 

jienetrating  i-  more  ?K:att*-n.-«l  than  that  which  aU.mt   two-thini*  of  the  total  nitzogen   being 

iii    mon    p"netratin;r.     The    analogou.-i    effect  (in-^nt  a-i  rt-al  proteiil^.     The  a«h  cuntaintxl — 

«eur.intheca*.ofthe3rayH.  K.O   Xa.O  m«o  IMO  Fe.O.  P.O,     SO,     SiO,    a 

Ihenat.ircofth.-7-ravH..tiIlamatterofdH-  ^,5.^     .^-^    ^.-     ,^^    oTtf*  i^-f     13.^     2-6    H'^ 
cu-<ii«jn.      The  set  her  pul^;  theory  puppo^*es  the 

7-ray  to  be  the  di-^turbaiiee  in  the  iether  which  The  pr^p^rtion  of  sulphur,  in  orzanic  ci»mbina- 

muit  occur  when  a  3-ray  is  di^charijed  fnjin  lion,  in  the  pn,u,  varies  from  0-22  to  IHiTn-c 

the   aUjm.     Such   a   ftupi>'>-it;ori    links  closely  .\  not  her  Japanese  species,  J?.  faiirf/il««(  Linn.). 

to;<el her  7-ray rt.  X-rays,  and  Irj^ht  as  variants  is  va! mil  fur  it- seed  pods,  which  are  a lioul  twice 

of  one  form  of  radiation,  anrl  u  ba.se<l  on  the  the  sire  of  thoj;*.*  of  the  common  radi#h.  and  are 

many  iKiint.-t  of  re-<emblance  b-tween  the  three,  ••at^.-n  a^  a  >aUd  or  pickled  in  vinecar  (Re|K  Xew 

Am'>ni!!4t  re-j'-'mblanci-  of  '--pe'-ial  interest  mav  V«»rk  Expt.  Stat.  18M>.     According  to  Sacher 

\p:  mentioned   Hurkla^  di-'overy  that   X-rayV  l<'hrm.  Z..it.  1910,34,  1192 and  1333).  the  skins 

can    \tt:    pjlari.-ed   in    a    manner  wugKe-jtive  in  wf  thi-  n-»l  radish,  extracted  for  a  few  hours  with 

Home  deL'n.-e  of   the  fxjlari-ation  of  I'ght,  and  thrir  o\*-n   wi-ii.'ht  of  90   p.c.  alcohol,   \ield  a 

the  remark>ible  exp'.-riment-?  of  Friedrich,  Knip-  *jlution  which  (M.*rvcs  as  a  delicate  and  useful 

pin;(,  and  Lane,  whieh  an-  U-nt  explained  on  indicator  for  acids  and  alkalis,  turning  intensely 

the  ^upixjsition  that  X-ray-  can  Ixj  reflwiei  in  red  with  the  former  and  green  with  the  latter. 

such    plane-s  within    a   crystal   rh  are   rich  in  ^                                         H.  I. 

atomj.     The  pubie  theorv  in,  however,  unable  RADIUM.     Symbol   Ra.      At.wt.    228.      A 

to  givi-  a  r*tady  explanation  of  the  interchang'.-  radioactive  element  disc«^%'ered  by  IL  and  Mme. 

ability  of  X-ray  and  3- ray  energv'.  Curie  in  the  pitchblende  from  Joachimsthal  (P. 

If  the  ionization  in  a  ira.s  traver>e<l  by  7-raya  <'"ri»*.  S.^  Curie  and  (J.  B6mont,  Compt.  rend, 

is  due  to  the  /8-rays  |iroduced   bv  the  7-rays  1^9>*.  127.  1215). 

in  the   walls  and  in   the   jras.  the   *  ionisation  Orrumnrf.     AH    ores    containing    uranium 

of   jrariej  bv  7.ravrt  *  is  reallv  an  ioni-ation  bv  ^^^*  cmtain  radium.     In  the  majority  of  them, 

/S-ray.-f.     In    the  "fourth    column    of   Table    it.  the  ratio  of  radium  to  uranium  is  equal  to  the 

H'ime  of  the  values  found  for  the  ionisation  of  *  equilibrium   ratio'    3•2xlO-^   i.f.   320   mgm. 

gases  by  7-rays  are  set  out,  and  mav  Ix;  com-  radium  an- jm-nent  per  ton  of  uranium  (r.  Mduy, 

p.in;d    with   the   values   in    the   third   column  B*t.   19l>4.  37.  2W1).     In  av/ifnilf.  a  hydrated 

(Kleeman,  Proc.  Roy.  Soc.  79,  231).  calcium   uranium   phosphate   which   occurs   in 

\V.  H.  B.  France  an<l  Portugal,  the  proportion  of  radium 

RADISH,  Rfxphanu^  mtivwi  {Uww.),     Several  is  only  from  20  to  80  p.c.  of  the  abo^-e.  radit>. 

varieties   have    Uren    distinguished,  e.7.    IL  s.  active  equilibrium  not  having  been  esUblishrd. 

fjrUeiM,  R.  8.  radirula,  and    li.  «.  /nV/x.     The  <Je< logically,  old  formations  conUin  a  slightly 

first  pro<Juceri  see*ls  rich  in  oil,  the  Hi'Cf»nd  vields  larL'^r  radium  ratio  than  the  more  recent  forma- 

very  small  e<lible  Up  n^ots.  whil.st  the  thinl  id  tion-*  ( Mllr.  ( :ie<lit>ch,  Ua  Radium,  191 1,  8,  256). 

value<l   for  its  relatively  lan/e  tap  nx>t.     The  'I'*»^'  rxtrenit-ly  <lelicate  emanation  test  for 

nxits   of   all   iXHHess   the   will-known    punirent  radium  n-veals*  the  presence  of  that  element  in 

li'ivour   due    Uj    allvl    Mc-thioevauHte.     Konijr  a^l  common  rocks  an<l  mineral*,  and  in  natural 

gives,  as  the  comiXihition  of  the* edible  portions  "prinu's,  both  hot  and  cold.     Most  of  the  cele- 

of  the  ro*>ts —  bra  ted  sjias  contain  appreciable  quantities  of 

other  rarliuni  or  it:«  emanation. 

I'ri>-                   N-frec  Cnnle  Ritliuni   ]m>[)aration8  arc  usuallv  prepared 

I^  -  frl.t!-       «'im7  Vo  ?m  "^'i"^-'  ro*  fa    Y^i  from  jut  ch  blende,  an  impure  uranosouranicoSle. 

K.  S.  trMtlS    .    Hl>*y      I'!»  O'l       1*0      b-9      1*0      I'l  '•         •      /«           _ii     •       11   u        ■       #T        1^. 

It.  H.  ni.licul»  930    1-2  0-2    0<J    2»    0-8    0-7  Tu""r  '"  *-*""'*"'  '"  Bohemia  (JoMhimi- 

thai),    <kc. 

Accr>rding  to  Saiki  (/(^tseh.  physiol.  Chem.  Ertrnctlon  from  pitchltknde.       The  crushed 

1900,   48,    409),   radishes   contain    a   powerful  mineral,  after  a  prtdiminary  roasting  in  air,  is 

diastatic  ferment,  which  can  Ix;  obtained  in  the  heated  with  sinlium  carbonate  in  a  reverbctatory 

formof  a  yellowish- white,  some \vh'ithygn)iicopic  furnace.     The   i)nHluct   is   washed   with   water 

powder.     Littleor  no  starch  is  pn'.<ient  in  the  root  and  then  with  dilute  sulphurio  acid,  to  remove 

under  normal  conditions,  but  when  the  plant;>  thf  uniniuiii  as  soluble  uranyl  sulphate.     All  the 

are   watererl   with  a  solution   containing  from  radium  is  left   in  the  insoluble  residue,  which 

4  to  10  grms.  of  i«odium  chloride  {kt  litre,,  the  con.'^ists  mainly  of  lead  and  calcium  sulphateSt 
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Order 


Euphorbiaum 


»f 


» 


ApocifnaeccB 


»t 


tt 


»f 


Genus 


Hevea 


Manihot 


Sapiiim 


Funtumia 


Landolphia 


GUtandra 


Hanoomia 


*f 


Urticaceoe 


Dyera 
Ficus 


>» 


Gastilloa 


CompoeiUa 


Pftrthenium 


Species 


Glaziovii  (MueU.  Arg.) ; 
dichotoma 


Tolimense ;  verum,  &c. 


elastica  (Stapf) 


owariensiB      (Beauv.) ; 
Heudelotii  B.C. 

Thollonii  (Dew.); 
sphaerocarpa  (Ju- 
melle);  Pionei 


speoiosa  (Gomez) 
(MueU.  Arg.) 


oostulata  (Hook./.) 
elastica  (Roxb.) 


Ocoorrence,  etc. 


brasilien8i8(Muell.Arg.)    South      Ammca^      particularly 

Brazil;  employed  practically 
to  exclusion  of  all  otlier  trees 
on  Eastern  plantations.  Forms 
Para  rubber  of  commerce. 

Ceard  (Brazil) ;  planted  to  some 
extent  in  Africa  and  tropical 
America.  Forms  the  Ctara  or 
Maniecba  rubber  of  commerce. 

Central  and  South  America 
{Cclombia  Virgen  ;  Carthagena 
Scraps,  &c.  of  commerce). 

Tropical  Africa;  forms  Ooid 
Coast  Lumps,  Ivory  Coast 
Lumps,  and  various  niggers,* 
ito.  of  commerce.  Planted  in 
some  parts  of  Africa. 

Creepers  occurring  in  enormous 

quantities  in  Tropical  Africa, 

forming  many  of  the  '  Conffo' 

varieties,  *  Madagascars,*    £c. 

of  commerce. 

Numbers  of  species  of  this  genus  are  distributed  in  many 

parts  of  tropical  Africa,  principally  Gold  Coast  and 

Congo 

Brazil  (Bolivia  and  Pemambuco) 
yields  the  *  Mangabeira,*  Bahia, 
and  MaUo-grosso  sheds  of 
commerce. 

Malay  Peninsula  ;  yields  '  Jelu- 
long '  of  commerce. 

Asia  (Burmah,  Malaya,  Java, 
India).  Yields  the  *  Bambong ' 
of  commerce.  Has  been  planted 
to  some  extent  in  the  Dutch 
and  German  colonies. 

Mexico  ;  Central  America  ;  Peru, 

Planted    to    some    extent    in 

Mexico  and  German  colonies, 

&o.         Yield   the   *  Caueho,* 

•  Mexican    strips,*    *  Centrals,* 

&,c.  of  commerce. 

Mexico;  Texas  {Ouayvle  of 
commerce). 


elastica  (Cerv.);    Vlei 
(Warb.) 


argentatum  (A.  Gray) 


coagulating  vessels  is  compressed  {unsmoked) 
into  irregular  masses,  and  goes  by  the  name  of 
Negro-heads,  The  Amazon  territory  at  the 
present  time  supplies  about  one-half  of  the 
world's  total  output. 

Plantation  rubber.    The  tree  which  has  been 
almost    universally    adopted    on    the    eastern 

Plantations  (Malaya,  Ceylon,  S.  India,  Java, 
umatra,  Borneo)  is  the  Hevea  brcmliensis,  but 
the  methods  of  collection  and  coagulation,  &c., 
are  markedly  different  from  those  employed  on 
the  Amazon.  The  trees  are  tapped  mostly  on 
the  (half)  herringbone  system,  which  consists 
of  a  series  of  oblique  cuts  running  into  a 
central  channel.  The  lat^x  is  collected  in 
a  cup  connected  with  the  central  channel 
at  the  base  of  the  tree.  Tappings  take 
place  daily  or  on  alternate  days  over  certain 
periods,  the  tapping  consisting  in  a  paring 
away  of  a  strip  of  bark  of  about  r,yh  to  ^th  of 
an  inch  wide  along  each  oblique  incision.  This 
is  repeated  until  a  certain  area  of  bark  has  been 


removed.  The  portion  of  the  tree  so  operated 
on  is  then  allowed  a  period  of  rest  sufficient 
for  bark  renewal,  for  which  3  to  4  years  appears 
to  be  an  appropriate  period.  Plantation  latex 
is  generally  coagulated  by  the  addition  of  a  small 
quantity  of  acetic  acid.  After  the  coagulum  is 
formed  it  is  removed  from  the  serum  and 
passed  through  washing  rolls,  which  squeeze 
out  much  of  the  remanent  mother  liquor  and 
wash  out  the  excess  of  non-rubber  latex  con- 
stituents.  These  rolls  are  of  much  the  same 
construction  as  those  used  in  the  factory  for 
washing  {see  below).  The  rubber  is  subsequently 
hung  up  to  dry  in  the  form  of  a  sheet  or  crepe, 
and  is  frequently  *  smoked '  during  the  dr3ring 
period,  coco-nut  husks  and  hard  wood  being 
employed  for  this  purpose.  Plantation  rubber 
is  invariably  shipped  bone-dry  and  is  of  a 
translucent  light  cream  to  amber  colour  for 
onlinary  varieties  to  a  dark  amber  in  the  case 
of  the  smoked  goods.  Dr^Tiess  and  cleanliness 
are   the   characteristics  of  plantation  rubbec^ 
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C'H  CO 

.ti'jiii^-i    uii'.    0'jiCii<i.'Uixijedi.  Idunatfih.  1901.  22. 
ITl*..  A.  G.  P. 

SEALUiC  WAX.  C  (<^  <  cac}.cicr,  Fr. ;  Siegtl- 
l^vJ..  ^jr:  TxiK  lijiid'i.jt  iroic  tinifr  imixK'XDorial 
libv*  yj^iitftf^^rj.  ixit  rveiiii  Ibc:.  and  vere  lonp  ac- 
•;uhvjixi»*'J  i'.  UM.-  il  S'M  yobhixz  maziuBcripts  btrfore 
J I  Vk'h>^  ku'jwji  iL  Kur.'jM-.  Il  was  firFt  imported 
Jrouj  iii«r  >^-t  ii:io  Vf^ue.  and  then  into  Spain ; 
ifi  w'iii'.iA  vjuiiVcy  Htsalinc-'mx  became  the  object 
*A  a  c^ntsid^Table  commeru:'.  under  the  name  of 
h>j.rttiiifcL  mux.  In  medieval  times  the  compo- 
^.'i\,i*ju  o^^rjiained  bee}»-wax. 

Ji  ithdlac  Fx'  cx^mpounded  into  sealing-m^x 
i/jjiiK-'Jiately  after  it  has  been  neparated  by  fusion 
in  fin  \\i*:  palent  qualiti(*8  of  stick  or  seed  lac,  it 
t>ii:ii  forifiK  a  Ixftter  and  leiu*  brittle  article  than 
when  thi;  Khcllao  iH  fuMHJ  a  second  time.  Hence 
HiraJiiijiE-waz  rightly  pn'jAared  in  the  Ea^t  Indies 
(leHcrvt-H  a  ]>referenco  over  that  ma<le  in  other 
(M)iiiitneH,  where  the  lac  is  not  indigenoust. 
Klicllac  i\»k\\  b(;  restored  in  ho  me  decree,  however, 
Ui  a  planiic  and  t4;nacious  state  uy  melting  it 
with  a  very  small  portion  of  turpentine.  The 
pall 'Hi  shellac  is  to  be  selected  for  bright -coloured 
Healing- WAX,  the  dark  kind  being  reserved  fur 
black. 

Tht*  following  pro]X)rtion8  may  be  followed 
f«ir  nmking  retl  sealing-wax.  Take  7  (»z.  of 
hIu'IIho.  4  oz.  of  Venetian  turpentine,  and  3-4 
OK.  of  vermilion.  Melt  the  lac  in  a  copper 
yvnw  »\x>\m>\\k\v^  over  a  clear  tire,  then  pour 
the  tur^HMUine  ;^lowIy  into  it.  and  soon  after- 
x^arxis  add  the  vermilion,  stirring  the  mii- 
iurt«  briskly  all  the  time  with  a  rod  in  either 
hAnd.  In  lormmi;  the  round  sii^iks  of  fie«linc- 
\«^\.  a  i^^nair.  ^vTtio:^  ci  the  zziaaf  »b:uiii  U- 
«x*ij:h«M  tkh":lo  ::  'i*  *?ut:.jf,  a;riif4i  -^.v-  the 
tio.rtv.  :usr.-.^iT  .•■:  •»^l:^■v*.  fcr:i  -tbfc  r:ljr»i  cut 

x»\\v..:-.  :»'.■.».  k-  ..Li  i":.*"  iwe/.  :;>  *T»:'L:rTAr*fs  :.r 
:•,....-.■  i:    A    r.-iAs>    ,.*    ti.-is.     Thi    .  ^kl    «:L:t:J^    :: 

,\  .',  •.V'.-..-.*.  .;.  *  >:*:;  .r  "u*w.-n.  Ttti  iii*rk*  :i 
I  In  ...■;>  ,i:  ;»..'•;'■:  I. II  .i:  Tiu  Tn/iuii-ii.-x  11.A7  :* 
k.  i,-T  %  k:r'.i>  ■?;  TM.  ••:».■  :•  ii.ii;:ii^  '-I1*  fCi.'L?  .  ^-^r 
k  ,'•;•*.?  i."^.  .I-  ;iii.'«»iiiii  i.nf-n  I  ■'.•t  a  iL^ii  r**- 
11%  in.       \;i,-;ii.«:  !*.•».; lie  v->i  >  nmiii   ?  *■  Tii.Trj 

X  ..       li-.v.     .t-     in.  I*:     .'  ii.UP^*:     illl'ii-    .1:     -    -VLji 

li  ■  »»r  II  •  •«>in-.!iui:  •>»;»» '-•  T>  in  "Je  '*'»r*i^'~ 
.t  .11  <.■■.'.-»•  xiM!«<.>^  :!x-r  iiv-r"it.rw~iiii  t  r^. 
IP.'.  in,ii»  ••-.  *.  «>  '.  inslii*?  ilf  Hii]vvErsi<rr  \. 
ii.M-*i:iiu  ■«  ^i>  <-^»i:*.e  x^*..i  >  niMii*  -tiSiiL'^  :~ 
>.  I-".!;,    .•  fi-*-  ..  .;i"^4     n-.'.-»    <^ftu^x?^    nn     "Ui* 

ir.    •'■.     *■*».■.:>.         \    *. .     V*        •*    '<'r»SH«i     T^'     n:TT.- 
■    .■.■■.-.>.  :.■'.,     ^■.     -<"**--x.  TT4J"tkl'. ■-     »;•.!     >ir    -I 

■.  ..'^            :  •.  <•            ■i.'X*.. .^    "■■.■u.     t.  ilraer 

.-.■    ■     :...■■.  '    ■       I*.'.  -:'-».'^    -.r   irt-  "iiiixir- 

..■'.  ■■.•.•       ".  .      ^fw^.ii,- ■•a^  s-  n*\ax 

^.     ■•   ■».■;■.  -'»«.  'ei'.rt 
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are  in  general  use,  tlio  volume  and  nature  of  the 
trade  waste,  the  amount  of  dilution  by  subsoil 
or  surface  water,  &c. 

Failing  satisfactory  evidenOD  to  the  contrary, 
it  will  be  desirable  to  assume  that  the  sewage 
is  'strong'  for  the  purpose  of  estimating  the 
required  capacity  for  the  disposal  works. 

For  the  purpose  of  showing  the  minimum 
total  cubic  contents  of  filters  required  for 
treating  three  times  the  dry  weather  flow  in 
different  cases,  the  tables  A  and  B  have  been 
prepared  on  the  data  given  in  the  Commission's 
Report.  Wherever  possible,  the  figures  are  cal- 
culatiKl  fn)m  the  data  on  pp.  117  and  118  of  the 
Fifth    Report,   otherwise   the   calculations 


are 


based  on  the  data  in  the  tables  between  pp.  202 
and  203. 

The  rates  of  filtration  given  by  the  Com- 
mission are  rates  which  can  generally  be  doubled 
in  wet  weather.  Where  it  is  proposed  to  deal 
with  three  times  the  dry-weather  flow,  the 
Commission  say  that  it  would  generally  only  bo 
necessary  to  provide  1^  times  the  capacity  of 
filter  requirecl  for  the  dry-\^'eather  flow  (para- 
graph 293  of  Report,  209).  Hence  the  rates 
of  filtration  given  by  the  Commission  must  be 
reduced  by  one- third  to  arrive  at  the  basis  for 
calculating  the  size  of  the  filters  for  three  times 
the  dry-weather  flow,  and  this  reduction  has 
been  made  in  arriving  at  the  figures  in  the  tables. 


Table  A. — Constants  for  CIalculatino  the  Minimum  Cubical  Contents  op 

Percolating  Filters. 


1                   Preliminary  treatment 

1 

Strong  6 

Coarse  or 
medium 
material 

ewage 

Fine 
material 

Sewage  ol 
siren 

Coarse  or 
medium 
material 

f  average 
gth 

Fine 
material 

* 
* 
* 

70 

80 

130 

Weak  sewage 
Coarse  or       «|„^ 

1 

1  l>ctritu8  tanks        .... 

Septic  tanks  ..... 

Settlement  tanivs  (continuous  flow)    . 
1           „              „      (quiescent)     . 

Precipitation  tanks  (continuous  flow) 
„                 „     (quiescent) 

15 
45 1 
45 1 
1       50t 
65 
100 

* 
* 

25 
50 
65 

25 

70 

70 

100 

100 

130 

40 
100 
100 
130 
150 
170 

* 

100 
100 
130 
176 
200 

Notes  as  to  filtering  material,  (a)  A  filter 
may  be  regarded  as  *  coarse  *  if  the  material  will 
not  i)as8  through  a  1-inch  sieve  ;  as  '  medium  ' 
if  it  will  pass  through  a  1-inch  but  not  through 
a  ^-inch  sieve ;  and  as  *fine  '  if  it  will  pass 
through  a  ^-inch  sieve. 

(6)  *  Coarse '   material  will  be  desirable  in 


all  cases  where  the  liquid  to  bo  treated  contains 
much  suspended  matter. 

(c)  In  the  cases  marked  *,  the  use  of  fine 
material  would  not  be  desirable  unless  the 
circumstances  were  exceptional. 

If  *  medium '  sized  material  were  used  in  the 
cases  markeil  -f,  the  figures  should  bo  reduced 
by  about  10. 


Table  B. — Constants  for  Calculating  the  Minimum  Cubical  Contents  of  Contact  Beds. 


Preliminary  treatment 


Detritus  tanks       .... 
Septic  tanks  .... 

Settlement  tank^  (continuous  flow) 

„  „      (quiescent) . 

Precipitation  tanks  (continuous  flow) 
„  „     (quiescent) 


Strong  sewage 


Sewage  of  average 
strength 


Double  Triple  Single 


con- 
tact 


33 
43 


con- 
tact 


Double  Triple 
con-  I  con- 
tact     tact 


25  I 
38  ; 
38  ! 
50  ' 
50  I 
06* 


t 

t 
t 
t 
t 
t 


Weak  sewage 

Single   '^^'^  '^^^^^ 
contact,   j;n.      cn„. 


75  ♦ 

75  ♦ 

100 

133 1 

133 1 


Notes,  (a)  The  be<ls  should  not  bo  less 
than  2  ft.  0  ins.  nor  more  than  6  ft.  in  depth. 

(6)  The  diflen'nt  series  of  beds,  in  double 
and  triple  contacts,  shouhi  have  equal  cubic 
contents,  failing  any  evidence  to  the  contrary. 

(r)  Where  a  blank  is  left  in  the  tables,  the 
particular  tn^atment  indicated  would  only  be 
(iosirable  in  exceptional  circumstances,  as  the 
method  would  not  generally  be  eccmomical. 

(d)  111  the  cases  markinl  thus  f,  the  particular 
trratnient  indieat^il  would  onlv  ho  necessarv  in 
exceptional  circumstances  (i.e,  when  an  un- 
usually good  eflluent  is  required). 

(e)  Where  three  times  t^e  d.w.f.  hM  to  be 


dealt  with  in  wet  ^^'eather,  the  individual  bc<ls, 
in  the  cases  marked  %,  should  l)e  small  (to 
facilitat-e  rapid  filling  and  emptying)  or  the  total 
cubic  contents  of  the  filters  snould  be  increased. 

(/)  The  average  liquid  capacitv  of  a  cubic 
yanl  of  contact  ImhI  is  about  50  gallons.  There 
are  no  data  in  the  Commissioners*  report  yrith 
regard  to  the  cases  marke<l  thus  *. 

In  onler  to  ascertain  the  minimum  total 
cubic  contents  of  the  filters  required,  divide  the 
dry- weather  flow  by  the  appropriate  figure 
(having  reganl  to  the  strength  of  the  8t»\i'age  and 
the  kind  of  treatment  proposinl)  in  the  tables 
and  the  result  will  be  the  number  of  cubic  ^«xd& 


tho  canvM,  and  dfter  ft  timo  is  removed  hj  ft 
bath  of  ililute  hydrocUurio  ooid. 

The  silver  is  precipitated  from  the  oleoi 
solutions  either  by  zinc-duat  or  tine  Bhftvings. 
Ziuo  dust  is  mixed  with  tho  solution  in  tanks 


tion  ia  ftllowed  to  flow.    The  solutions  a 
dilut«  in  cyauido  than  those  used  for  gold  ores, 
and    oontalD    largo   quantities   of   silver,   ftnd 


>  these  facts  coarse  zino  shavings  are 
}t  ooated  with  lead.  The  cinc-sitver 
oon  formed  hy  precipitation  of  the  silver, 


In  recovering  the  silver  from  the  lino  boxei, 
simple  screening  of  the  precipitate  separates  the 
lino  and  gives  a  product  containing  (SO-TO  p.o, 
of  silver,  which  is  brjquetted  hy  air  pressure, 
partly  dried,  and  smelted  with  2  p.c.  of  nitre 
without  any  treatment  with  acid  or  by  routing. 


impure  and  is  sometimes  reHncd  by  passing 
through   the   molten   bullion,   as   proposed   by 
RoBe(su  Min.  Ind.  1910,  320). 

The  cyanide  consumption  on  Mexican  silver 


oree  varies  from  1  to  4  lbs.  per  ton,  and  7&-90 
p.c,  of  the  silver  is  recovereci.  Although  power 
in  Mexico  is  obeap  (30«.  per  H.F.  per  month  for 
transmitted  electric  power]  and  nnskilled 
peon  labour  is  only  Is.  6d.  per  day,  the  cost  ol 
-  ordiDg  to  Oaldeoott,  U  heavy. 


SILVER.  095 

Aerial  tramway  bucket  bringing  ore  from  mine 

9  Grizzleys :  each  12'  x  4',  1^"  space 

Bigelow  breakers 

Ore  bin  to  hold  1900  tons 

Pepler  feeders 
Cyanide  solution  ^ 

^^  Stamp  battery,  36  head,  each  1260  lbs. 

3  Callow  screens,  *  Simplex ' 

3  Hydraulic  sizers,  3'  6"  ->  3  hydraulic  sizers,  6'  6" 

3  Wilfley  tables,  9  Wilfley  tables, 

coarse  sand  fine  sand 


concentrate  ^  concentrate 

3  Dorr  separators,  double  <— 


I 


6  Tube  mills,  62"  x  16' 


3  Dorr  thickeners,  30'  X  10' 

30  Johnston's  slime  Solution,  to  stamp  battery 

concentrators 

concentrate 

Pumps 

3  Dorr  thickeners,  30'  x  10' 

Solution,  6  Brown  agitators,  46'  X  16' 

to  stamp  I 

battery  V 

2  Cyanippus  dccantors,  46'  x  15' 

i  ^ 

▼  Dehne  clarifiers 

o  Mcnill  slime  presses  ^ 

Residue,  to  waste  Precipitating  plant 

(by  zinc  aust) 

3  Merrill  precipitation  presses 

3  Tilting  furnaces 

Bullion 
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FaUy  acids  {su  Oils,  Fixed,  and  tats).  These 
soaps  are  prepared  by  donble  decomposition  of 
the  alkali  soaps  with  aqueous  solutions  of  salts 
of  the  alkaline  earths  or  metals,  or  by  heating 
the  free  fatty  acids  with  the  oxides  or  carbonates 
of  the  metals.  « 

These  soaps  are  employed  in  the  arts  for  the 
most  varied  purposes,  extensive  use  bcdng  made 
of  their  property  of  dissolving,  to  a  considerable 
extent,  m  petroleum  ether,  naphtha,  heavier 
petroleum  hydrocarbons,  coal-tar  oils  (carbolic 
add),  oil  of  turpentine,  and  fatty  oils.  Their 
soluoilitv  is  increased  by  the  presence  of  free 
fatty  acids. 

The  most  important  soaps  are — 

LMd  soaps  (lead  plaster)  consisting  chiefly 
of  lead  oleate. 

Magnesium  oleate,  used  in  the  process  of  dry- 
cleaninff  to  prevent  spontaneous  ignition. 
Ainmtntnm  soaps  enter  into  many  compositions 
for  waterproofing  textile  goods  and  papers,  for 
preparing  substitutes  for  leather,  celluloid,  india« 
rubber  substitutes  for  insulating  purposes,  &c. 
Aluminium  oleate  is  used  especially  as  an  'oil 
thickener.'  Lead  and  manganese  soaps  are  used 
as  *  driers '  (q.v.)  in  the  manufacture  of  boiled 
oils  and  varnishes.  Zinc,  Iron,  nlekel,  eobalt, 
and  ehromlnm  sous  are  employed  in  the  manu- 
facture of  coloured  varnishes,  as  also  for  water- 
proofing leather  and  canvas,  and  to  some  extent 
as  '  driers.'  Copper  and  merenry  soaps  serve  in 
the  production  of  anti-fouling  preparations, 
especially  in  the  manufacture  of  paints  for  ship 
bottoms. 

In  this  class  of  soaps  must  be  also  included 
the  meiaUic  rosinates,  chiefly  used  as  *  driers ' 
(q.v.). 

In  the  analytical  examination  the  water- 
insoluble  soaps  are  decomposed  by  means  of  a 
suitable  mineral  acid  (nydrocmorio,  nitric, 
sulphuric),  when  the  fatty  acids  are  obtained  as 
an  oily  layer ;  or,  if  the  salts  be  decomposed 
under  ether  (which  in  many  cases  is  the  most 
advisable  course),  in  ethereal  solution,  and  the 
metal  passes  into  the  acid  solution.  Both  the 
fattv  acids  and  the  acid  liquor  are  then  examined 
in  the  usual  manner.  J.  L. 

SOAP-BARK  and  SOAP-ROOT.  Soap-bark 
is  the  bark  of  a  Chilean  rosaceous  tree,  Quillaja 
mponaria  (Mol.).  The  thin  black  dead  bark 
has  usually  been  almost  or  entirely  removed 


from  the  commercial  product,  which  consists 
mainly  or  exclusively  of  the  heavy  white  layer 
of  bast  which  glitters  with  crystals  of  calcium 
oxalate.  This  salt  is  mainly  responsible  for 
the  larse  amount  (13  p.c.)  of  ash  present.  The 
bark  when  shaken  up  with  ^i-ater  yields  a  frothy 
solution,  which  is  neutral  in  reaction,  and  is 
used  in  cleaning  cloth  when  it  is  important  to 
preserve  the  original  colours.  The  emulsifying 
substance  is  Mponin  (a  collective  name  for  a 
group  of  glucosides),  which  is  not  toxic,  but  is 
accompanied  by  two  poisons,  sapotoxin  and 
quillajio  acid.  Saponin  is  widelv  distributed 
in  flowering  plants,  and  is  usually  associated 
with  toxic  substances.  Its  presence  is  famiUar 
in  a  number  of  caryophyllaceous  plants  belonffing 
to  the  genera  Saponaria,  Oypsophila,  DianMus, 
Lychnis,  Silene,  and  others,  whose  underground 
parts  are  known  as  *  soap-roots.*  The  ordinary 
(red)  soap-root  is  composed  of  underground 
stems  and  roots  of  the  soap-wort,  Saponaria 
officinalis  (Linn.) ;  the  (wmte)  soap-root  of 
Hungary,  Mediterranean  countries,  the  Levant, 
and  the  East,  is  composed  of  the  peeled  roots  of 
various  species  of  Oypsophila, 
SOAPSTONE  V.  Talc. 

SOAP- WORT.    Saponaria  officinalis  v.  Soap- 
bask. 

SOBREROL  V.  Tsbpenxs. 

SOD  OIL  V.  D60BAS. 

SODA  (NATIVE)  v,  Natbok  ;  Tboka. 

SODAUTE.  a  rock-forming  mineral  of  the 
composition  Na4(AICl)Al,(Si04)3  and  crystallis- 
ing in  the  cubic  system.  Other  members  of 
this  group  of  minerals  are  mentioned  in  the 
article  Lapis-lazthj.  It  is  white,  grey,  or  bright 
blue  in  colour ;  sp.gr.  2*3 ;  and  occurs  as  a  con- 
stituent of  the  iffncous  rock  sodalite-syenite. 
At  Litchfield  in  Mahie,  on  the  Ice  River  in 
Kootenay  Co.,  British  Columbia,  and  at  Bancroft 
in  Hastincs  Co.,  Ontario,  large  masses  of  sky 
blue  to  deep  blue  sodalite  are  found.  At 
Bancroft  it  has  been  quarried  in  some  Quantity 
for  use  as  an  ornamental  stone  unaer  the 
trade-names  *  Princess  Blue  '  and  *  Alomite.' 
The  material  takes  a  good  polish,  and  has 
somewhat  the  appearance  of  marble,  but  it  is 
considerably  harder  (H.=5^)  than  this. 

L.  J.  S. 

SODA-NITRE  v,  Nitratine. 
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